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PREFACE 


The  General  Reevaluation  and  Environmental  Impact  Statement  for 
flood  control  and  related  purposes  in  the  Sheyenne  River  basin,  North 
Dakota,  presents  the  findings,  conclusions,  and  recommendations  of 
studies  conducted  from  February  1976  through  August  1982. 

The  report  addresses  the  water  resource  and  related  problems  and 
needs  of  the  lower  Sheyenne  River  basin  with  particular  emphasis  on 
reducing  flood  damages  -  the  most  significant  local  water  resource  need. 

The  goal  of  the  reevaluation  is  to  identify  a  plan  for  water  resource 
development  that  meets  the  needs  of  the  basin,  is  consistent  with  the 
national  objective  of  economic  development  and  the  national  considerat¬ 
ions  for  environmental  quality,  and  is  imp lemen table. 

The  study  completely  reevaluates  and  reformulates  work  done  during 
the  feasibility  study  (1963  through  1968) .  The  1968  feasibility  report 
recommended  construction  of  the  multiple-purpose  Kindred  Lake  project. 

The  Kindred  Lake  project  would  reduce  flood  damages.  Improve  water 
quality,  provide  for  recreation,  and  enhance  fish  and  wildlife.  The 
report  also  recommended  that  Baldhill  Dam  be  operated  to  provide  more 
flood  control  storage  before  spring  runoff. 

In  1970,  Congress  authorized  the  Kindred  Lake  project  for  construction. 
Before  funds  were  appropriated  for  the  reevaluation,  special  studies 
examined  the  effects  the. project  would  have  on  groundwater  levels  in 
the  Sheyenne  National  Grassland,  the  potential  shoreline  erosion  around 
Kindred  Lake,  and  the  effects  the  project  would  have  on  water  quality. 

In  1976,  following  completion  of  these  studies,  the  Corps  received  ap¬ 
propriations  to  begin  the  reevaluation. 


Several  events  occurred  between  completion  of  the  feasibility  study 
(1968)  and  the  start  of  the  reevaluation  studies  (1976)  that  significantly 
cahnged  planning  guidwlines.  These  changes  required  a  complete  reevaluation 
of  the  study  area.  The  events  included: 

1.  Passage  of  the  National  Environmental  Policy  Act  of  1969 , 

2.  Completion  of  the  special  studies  (1974) , 

3.  Adoption  by  the  Water  Resources  Council  of  new  principles  and 
standards  for  planning  water  and  related  land  resources  (1973),  and 

4.  Uncertainty  in  the  status  of  the  Garrison  Diversion  Unit  (1975 
and  1976). 

The  principal  elements  of  the  water  resource  plan  selected  ^n  the 
basis  of  the  reevaluation  and  presented  in  this  report  are: 

•  Adoption  (or  continuation)  and  enforcement  of  floodplain  regula¬ 
tions  in  flood-prone  areas  of  the  basin  (non-Federal  implementation) . 

•  Regulation  of  drainage  to  ensure  that  future  drainage  of  wetlands 
would  not  increase  downstream  flood  damages  (non-Federal  implementation) . 

e  Control  of  private  levee  construction  to  prevent  increases  in 
upstream  and/or  downstream  flood  damages  (non-Federal  implementation) . 

•  Levees  and  a  flood  diversion  channel  at  West  Fargo/Riverside 
(Corps  of  Engineers  implementation  with  a  non-Federal  sponsor) . 

e  A  flood  diversion  channel  from  Horace  to  West  Fargo  (Corps  of 
Engineers  implementation  with  a  non-Federal  sponsor) . 

e  A  5-foot  raise  of  Baldhill  Dam  to  provide  additional  flood  control 
storage  (Corps  of  Engineers  implementation  with  a  non-Federal  sponsor) . 
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•  Ring  levees  or  other  individualized  flood  proofing  at  flood- 
prone  farmsteads  and  residences  (non-Federal  or  other  Federal  agency 
implementation  or  continued  evaluation  for  potential  Corps  of  Engineers 
implementation) . 

e  A  multiple-purpose  dam  for  flood  control  and  recreation  on  Dead 
Colt  Creek,  a  tributary  of  the  Sheyenne  River  (non- Federal  implementation) . 

e  Increase  in  the  storage  capacity  of  wetlands  (drained  and  existing) 
to  retain  f loodwaters  (non-Federal  or  other  Federal  agency  Implementation) . 

The  General  Reevaluation  and  Environmental  Impact  Statement  consists 
of  four  volumes:  the  main  report  and  environmental  impact  statement 
(published  jointly  in  one  volume)  and  three  volumes  of  technical  appendixes. 

The  main  report  summarizes  the  water  resource  and  related  problems 
and  needs  of  the  basin,  the  alternatives  evaluated,  the  process  used  to 
develop  and  select  a  plan,  the  conclusions  of  the  study,  and  the  recommen¬ 
dations  for  Federal  participation  through  the  Corps  of  Engineers. 


The  environmental  impact  statement,  bound  with  the  main  report,  de¬ 
scribes  the  environmental  effects  of  implementation  of  the  selected  plan 
and  discusses  the  relative  merits  of  the  other  alternatives. 

The  technical  appendixes  present  the  detailed  information  used  in 
investigating  the  problems  and  needs,  assessing  the  impacts  of  the 
alternatives,  and  evaluating  the  alternatives  and  technical  details  of  the 
selected  plan. 

These  "General  Reevaluation"  studies  were  accomplished  under  the 
title  of  "Phase  I  General  Design  Memorandum"  during  the  period  1976  through 
February  1982.  Any  references  in  these  general  reevaluation  documents  to 
"Phase  I  General  Design  Memorandum"  is  synonomus  with  a  reference  to  a 
"general  reevaluation". 


Comments  or  inquiries  on  the  General  Reevaluation  and  Environmental 
Impact  Statement  should  be  sent  to: 

District  Engineer 

St.  Paul  District ,  Corps  of  Engineers 
ATTN:  NCSPD-PF 

1135  U.  S.  Post  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 
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APPENDIX  J 


COST  ESTIMATES 


Estimated  costs  in  this  appendix  are  based  on  unit  prices  adjusted 
to  reflect  average  bid  prices  received  on  comparable  work  done  by  the 
St.  Paul  District.  Land  costs  are  based  on  property  values  estimated  by 
a  real  estate  appraiser. 


FIRST  COSTS 

Detailed  estimates  of  first  costs  for  the  work  recommended  in  this 
report  are  given  in  tables  J-l,  J-2,  and  J-3.  The  costs  are  at  October  1981 
price  levels. 

The  estimated  first  cost  of  the  levees  and  flood  diversion  channel 
at  West  Fargo/Riverside  is  $17,200,000  and  is  itemized  in  table  J-l. 

The  estimated  first  cost  of  the  flood  diversion  channel  from  Horace 
to  West  Fargo  is  $8,100,000  and  is  itemized  in  table  J-2. 

The  estimated  first  cost  of  the  5-foot  raise  of  Baldhill  Dam  is 
$31,100,000  and  is  itemized  in  table  J-3.  This  estimate  covers  all 
costs  associated  with  modification  of  the  project,  including  modifica¬ 
tions  needed  for  upgrading  the  existing  structure  to  meet  current  design 
criteria.  The  cost  of  upgrading  the  existing  Baldhill  Dam  structure 
alone  is  estimated  to  be  about  $22,000,000.  The  cost  estimate  for  up¬ 
grading  is  summarized  in  table  J-4.  The  Dam  Safety  Evaluation  Report 
prepared  by  the  St.  Paul  District  recommended  upgrading  the  Baldhill  Dam 
by  construction  of  a  new  spillway  on  the  left  abutment  and  removing  the 
old  spillway.  This  recommendation  results  in  an  allocation  of  $9,100,000 
to  flood  control  ($31,100,000  -  $22,000,000  -  $9,100,000). 
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Table  J-l  -  Detailed  estimate  of  first 
channel  around  West  Fargo 

cost  for  levees  and  flood  diversion 
and  Riverside  (M-29  to  M-24) 

Item 

Unit 

mm&sm 

Unit  cost 

Total  cost 

Lands  and  damages 

Lands 

Channels 

Acre 

108 

$5,800 

$626,400 

Levees  and  offsets 

Acre 

259 

5,800 

1,502,200 

Ponding  areas 

Acre 

12 

26,100 

313,200 

Improvements  (one  commercial 

Job 

Sum 

- 

969,000 

structure,  one  light-^industrlal 

structure,  and  one  multifamily 

complex) 

Relocation  assistance  payments 

Job 

Sum 

- 

20,000 

(Public  Law  91-646) 

Acquisition  costs 

Job 

Sum 

- 

30,000 

Contingencies 

— 

_ 

— 

488,200 

Total  lands  and  damages 

3,949,000 

Relocat ions 

Util  It  ies 

Job 

Sum 

- 

118,000 

Contingencies 

- 

- 

- 

36,000 

Total  relocations 

154,000 

Roads,  railroads,  and  bridges 

Bridges  (new) 

12th  Avenue  North 

Job 

Sum 

- 

489,000 

BN  railroad 

Job 

Sum 

- 

795,000 

U.S.  Highway  10 

Job 

Sum 

- 

806,000 

13th  Avenue  South 

Job 

Sum 

- 

538,000 

Cass  County  17 

Job 

Sum 

- 

452,000 

Contingencies 

- 

- 

- 

556,000 

Total  new  bridges  3,636,000 


(R  1/84) 


J-2 


Table  J-l 


Detailed  estimate  of  first  cost  for  levees  and  flood  diversion  channel 

around  West  Fargo  and  Riverside  (M-29  to  M-24)  (cont) _ _ 

Item  Unit  Quantity  Unit  Cost  Total  Cost 


Roads,  railroads  and  bridges  (cont) 


Bridges  (removal) 

12th  Ave.  North  Job 

13th  Ave.  South  Job 

Contingencies 


Sum 

Sum 


$55,000 

55,000 

22,000 


Total  bridge  removals 


132,000 


Roads  (new) 

Gravel  road  (SW  corner 
of  fairgrounds)  LF 

Cass  County  19  LF 

New  Frontage  Road,  Hwy  10  LF 

13th  Ave.  South  LF 

Contingencies 


Total  new  roads 


1,000 

$30.00 

30,000 

600 

43.00 

25,800 

200 

43.00 

‘  8,600 

700 

43.00 

30,100 

- 

- 

14,500 

109,000 

Roads  (removal) 

Gravel  road  (SW  comer 


of  fairgrounds) 

LF 

1,100 

8.60 

9,460 

Cass  County  19 

LF 

1,100 

8.60 

9,460 

Gravel  road  south  Hwy  io 

LF 

600 

5.40 

3,240 

Bituminous  road 

LF 

950 

8.60 

8,170 

Hwy  10  frontage  roads 

LF 

1,500 

8.60 

12,900 

Contingencies 

Total  road  removals 

6,770 

50,000 

Railroad  bypass 
(while  railroad  is 

rebuilt) 

Job 

Sum 

- 

795,000 

Contingencies 

Total  bypass 

129,000 

924,000 

Culverts 

Exterior  channel 

Hwy  10  6X6  box 

LF 

184 

355.00 

65,320 

RR  6X6  box 

LF 

136 

355.00 

48,280 

12  Ave.  6X6  box 

Interior  drainage 

LF 

192 

355.00 

68,160 

RR  pond  outlet 

42"  RCP 

LF 

88 

73.00 

6,424 

42"  gatewell 

EA 

1 

5,400.00 

5,400 

42"  sluice  gate 

EA 

1 

7,500.00 

7,500 

Fairgrounds  pond  outlet 

48"  RCP 

LF 

176 

73.00 

12,848 

Double  48"  gatewell 

EA 

l 

8,600.00 

8,600 

48"  sluice  gates 

EA 

2 

7,500.00 

15,000 

J-3 
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Table  J-l 


Detailed  estimate  of  first  cost  for  levees  and  flood  diversion  channel 
around  West  Fargo  and  Riverside  (M-29  to  M-24)  (cont) _ 


Item 

Unit 

Quantity 

Unit  Cost 

Total  Cost 

Roads,  railroads  and  bridges 

(cont) 

13th  Ave.  pond  outlet 

54"  RCP 

LF 

72 

$97.00  . 

$6,984 

54"  gatewell 

EA 

1 

6,500.00 

6,500 

54"  sluice  gate 

EA 

1 

9,700.00 

9,700 

13th  Ave.  culvert 

24"  RCP 

LF 

50 

21.00 

1,050 

Center  Street  culvert 
(Co.  Rd.  17) 

78"  RCP 

LF 

152 

176.00 

26,752 

Drain  45/Co.  Rd.  10  outlet 

60"  RCP 

LF 

152 

109.00 

16,568 

Double  60"  gatewell 

EA 

1 

12,900.00 

12,900 

60”  sluice  gate 

EA 

2 

16,500.00 

33,000 

Old  drain  21 /Co.  Rd.  10 
(12  Ave.) 

72"  RCP 

LF 

216 

145.00 

31,320 

Contingencies 

Total  culverts 

Total  roads,  railroads  and  bridges 

57,694 

440,000 

5,291,000 

Channels 

Diversion  channel 

Common  excavation 

(channels) 

CY 

812,200 

1.34 

1,088,348 

Common  excavation  (berms) 

CY 

7,780 

1.10 

8,558 

Fill  (berms) 

CY 

216,340 

1.00 

216,340 

Fill  (short  reaches  of 

drain  21) 

CY 

77,950 

1.00 

77,950 

Fill  (short  reaches  of 

Sheyenne) 

CY 

57,000 

1.00 

57,000 

Seeding  (channel  side 

slopes) 

Acre 

12 

860.00 

10,320 

Seeding  (berms) 

Acre 

121 

860.00 

104,060 

Plantings 

Job 

Sum 

- 

253.700 

Exterior  drainage  channel 

Common  excavation 

CY 

116,395 

1.34 

155,969 

Seeding 

Interior  drainage 

Acre 

20 

860.00 

17,200 

Excavation  (ditches) 

CY 

127,420 

1.34 

170,743 

Excavation  (ponding 

areas) 

CY 

96,490 

1.34 

129,297 

Seeding  (ditches) 

Acre 

15 

860.00 

12,900 

Seeding  'ponding  areas) 

Acre 

14 

860.00 

12,040 

Contingency  ;s 

Total  channels 

(R  1/84) 
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Table  J-l 


Detailed  estimate  of  first  cost  for  levees  and 
around  West  Fargo  and  Riverside  (M-29  to  M-24) 

flood  diversion 
(cont) 

channel 

Item 

Unit 

Quantity 

Unit  Cost 

Total  Cost 

Levees 

Channel  levees 

r 

Stripping 

CY 

25,100 

$2.15 

$53,965 

Fill 

CY 

271,870 

1.00 

271,870 

Topsoil  (from  strippings) 

CY 

21,640 

1.10 

23,804 

Seeding 

Acre 

41 

860.00 

35,260 

Contingencies 

- 

- 

- 

58,101 

Total  channel  levees 

443,000 

Tie-back  levees 

Stripping 

CY 

19,850 

2.25 

44,663 

Fill 

CY 

270,100 

1.00 

270,100 

Topsoil 

CY 

20,785 

1.10 

22,864 

_  Seeding 

Acre 

39 

860.00 

33,540 

Contingencies 

- 

- 

55,833  ! 

Total  tie-back  levees 

427,000 

Inspection  trench 

) 

1 

Excavation 

CY 

184,160 

1.34 

246,775  1 

Fill  &  compaction 

CY 

184,160 

1.10 

202,5 76  I 

Contingencies 

- 

66,649 

Total  inspection  trench 

516,000 

Tota_  levees 

1,386,000 

Floodway  control  and  diversion  structures 

Sheyenne  River  control 
Structure  (inlet) 


72"  RCP 

LF 

300 

145.00 

43,500 

Triple  72"  gatewell 

EA 

1 

22,600.00 

22,600 

72"  sluice  gates 

EA 

3 

19,400.00 

58,200 

Jheyenne  River  control 
structure  (outlet) 

72"  RCP 

LF 

300 

145.00 

1 

43,500  i 

Triple  72"  gatewell 

EA 

1 

22,600.00 

22,600 

72"  sluice  gates 

EA 

3 

19,400.00 

58,200 

Pump  platform 

EA 

1 

2,200.00 

2,200  j 

J-5 
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Table  J-l 


Detailed  estimate  of  first  cost  for  levees  and  flood  diversion  channel 
around  West  Fargo  and  Riverside  (M-29  to  M-24)  (cont) _ 


Item 

Unit 

Unit  Cost 

Total  Cost 

Floodway  control  and  diversion  structures  (cont) 

Diversion  inlet  structure 
(station  200+90) 

12"  riprap 

Filter  fabric 

Steel  sheet  piling 

CY 

SY 

SF 

675 

2,000 

1,985 

$27.00 

3.25 

17.20 

$18,225 

6,500 

34,142 

Diversion  outlet  structure 
(station  2+70) 

12"  Gabions 

CY 

670 

70.00 

46,900 

Drain  21  inlet  structure 

60"  RCP 

60"  flap  gates 

LF 

EA 

632 

2 

109.00 

1,600.00 

68,888 

3,200 

Drain  21  outlet  structure 
6X8  box  culvert 

LF 

440 

237.00 

104,280 

Landscaping 

Contingencies 

Job 

Sum 

- 

43,000 

96,065 

Total  floodway  control  and 

diversion 

structures 

672,000 

Total  direct  costs 

14,120,000 

Indirect  costs 

Engineering  and  design 

Supervision  and  administration 
Supervision  and  inspection 

Overhead 

1,992,000 

636,000 

452,000 

Total  indirect  costs 

3,080,000 

Total  project  costs 

17,200,000 

(R  1/84) 


Table  J-2 


Detailed  estimate  of  first  cost  for  Horace  to  West  Fargo  Diversion  (M-42  to 


Item 

Unit 

Quantity 

Unit  Cost 

Total  Cost 

Lands  and  damages 

Lands 

Acre 

250 

$1,600.00 

$400,000 

Acquisition  costs 

Job 

Sum 

- 

28,000 

Contingencies 

Total  lands  and  damages 

65,000 

493,000 

Relocations 

Utilities 

Job 

Sum 

- 

45,000 

Contingencies 

Total  relocations 

Roads,  Railroads  and  bridges 

7,000 

52,000 

Bridges  (new) 

1-94  (W.B.L. ) 

Job 

Sum 

- 

538,000 

1-94  (E.B.L.) 

Job 

Sum 

- 

538,000 

Cass  County  Rd 

Job 

Sum 

- 

430,000 

Cass  County  Rd 

Job 

Sum 

- 

430,000 

Contingencies 

Total  new  bridges 

290,000 

2,226,000 

Bridges  (removal) 

1-94  (W.B.L.) 

Job 

Sum 

- 

86,000 

1-94  (E.B.L.) 

Job 

Sum 

- 

86,000 

Three  Cass  County  roads 

Job 

Sum 

- 

161,000 

Contingencies 

Total  bridge  removals 

50,000 

383,000 

Roads  (new) 

Seven  Cass  County  roads 

LF 

7,000 

43.00 

310,000 

Contingencies 

Total  new  roads 

Roads  (removal) 

Five  Cass  County  roads 

45,000 

355,000 

(for  Texas  crossings) 

Two  Cass  County  roads 

LF 

5,000 

8.60 

43,000 

(for  new  bridge  sites) 

LF 

2,000 

8.60 

17,200 

Contingencies 

Total  road  removals 

9.800 

70,000 

J-7 
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Table  J-2 

Detailed  estimate  of  first  coat  for  Horace  to  West  Fargo  Diversion  (M-42  to 
^  (cent) 


Item 


uantit 


Unit  Cost  Total  Cost 


Channel  berms  Job  Sum  -  484,000 

Contingencies  -  -  _ 73,000 

Total  levees  557,000 

Floodway  control  and  diversion  structures 

Sheyenne  River  control  structure  at  Horace 


(8X10  box  culverts) 

LF 

12"  Riprap 

CY 

Diversion  inlet  structure 

at  Horace 

12"  Riprap 

CY 

Filter  fabric 

SY 

Steel  sheet  piling 

SF 

Landscaping 

Job 

Contingencies 

— 

Total  floodway  control  and 

diversion 

Total  direct  cost 

Indirect  costs 

Engineering  and  design 

Supervision  and  Administration 
Supervision  &  inspection 
Overhead 

Total  indirect  Federal  costs 


300 

408.50 

122,550 

800 

26.88 

21,504 

675 

26.88 

18,144 

2,000 

3.23 

6,460 

1,985 

17.20 

34,142 

Sum 

- 

43,000 

— 

- 

36,200 

structures 

282,000 

6,636,000 

940,000 

310,000 

214,000 

1.464,000 


Total  project  cost  8,100,000 

^Note:  This  diversion  has  to  be  coupled  with  the  levees  and  diversion 

around  West  Fargo /Riverside  alternative  to  effectively  reduce  flood  damages 
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Table  J-3 


Detailed  estimate  of  first  costs  for  5-foot  raise  of  Baldhill  Dam 


Item 

Unit 

Quantity 

Unit  Cost 

Total  Est.  Cost 

Lands  and  damages 

Lands  (fee  title) 

Lands  (fee  title  on  lands 

Acre 

2,000 

$585.00 

$1,170,000 

presently  in  easement) 
Improvements  (97  cabins,  6 

Acre 

666.15 

296.00 

197,180 

farms,  2  church  camps,  2 
mul tifamily  dwellings,  and 
other  miscellaneous 

Job 

Sum 

- 

2,248,000 

structures 

Acquisition  costs 

Relocation  assistance 

Job 

Sum 

- 

300,000 

payments  (Public  Law  91-646)Job 

Sum 

- 

240,000 

Contingencies 

- 

- 

- 

364.820 

Total  lands  and  damages 

4,520,000 

Relocations 

Recreation  facilities  (relocation) 

Removal  of  roads,  parking 

lot,  etc. 

Job 

Sum 

- 

38,000 

Beautification  measures 

Job 

Sum 

- 

22,000 

Sewage  treatment  plant 

Job 

Sum 

- 

150,000 

Beach 

Visitor  center/multiuse 

Job 

Sum 

— 

50,000 

building 

Job 

Sum 

- 

300,000 

Relocate  concessions 

Job 

Sum 

- 

20,000 

Relocate  picnic  area 

Job 

Sum 

- 

30,000 

Access  &  circulation  roads 

Job 

Sum 

- 

245,000 

Relocate  camping  facilities 

Job 

Sum 

- 

45,000 

Contingencies 

- 

- 

- 

180,000 

Subtotal  recreation  facilities  relocations 

1,080,000 

Building,  grounds,  and  facilities 

(relocation) 

Service  and  storage 

buildings 

Job 

Sum 

- 

50,000 

Utilities  for  buildings 

Job 

Sum 

- 

10,000 

Landscaping  and  fencing 
Access  and  circulation 

Job 

Sum 

5,000 

roads 

Job 

Sum 

- 

30,000 

Contingencies 

- 

- 

- 

15.000 

Subtotal  buildings,  grounds  and  facilities  relocations  _ 1 10,000 

Total  relocations  1,190,000 

Reservoir 

Boundary  surveys  and 

monument  ing  Job  Sum  -  _ 215,000 


Total  reservoir 


215,000 


Table  J-3 


Detailed  estimate  of  first  costs  for  5-foot  raise  of  Baldh.  11  Dam  (t  <>: itj 
_ Item _ Unit _ Quantity  Unit  Cost  Total  _ I 


Dam 


Embankment 


Excavation 

CY 

45,600 

$2.15 

$98,040 

Random  fill 

CY 

148,300 

1.10 

163,130 

Riprap  removal 

CY 

8,440 

6.45 

54,438 

Pervious  fill 

CY 

12,200 

3.25 

39,650 

Impervious  fill 

CY 

109,700 

2.75 

301,675 

Gravel  fill 

CY 

4,850 

3.75 

18,188 

Filter  blanket 

CY 

24,640 

13.00 

320,320 

Riprap 

CY 

9,700 

23.50 

227,950 

15"  PVC 

LF 

1,320 

16.00 

21,120 

Manholes 

EA 

5 

2,100.00 

10,500 

Contingencies 

- 

“ 

188.989 

Subtotal  embankment 

1,444,000 

Spillway 

Excavation 

CY 

574,100 

2.15 

1,234,315 

Filter  blanket 

CY 

45,320 

13.00 

589,160 

Riprap 

CY 

71,860 

23.50 

1,688,710 

Concrete 

CY 

41,800 

275.00 

11,495,000 

Tainter  gates  &  operating 

Job 

Sum 

- 

1,450,000 

equipment 

Remove  existing  spillway 

Job 

Sum 

- 

630,837 

Contingencies 

- 

- 

- 

2.563.978 

Subtotal  spillway 

19,652,000 

Cofferdam 

Random  fill 

CY 

6,465 

3.25 

21,010 

Pervious  fill 

CY 

101,900 

4.30 

438,170 

Contingencies 

- 

- 

68.820 

Subtotal  Cofferdam 

528.000 

Total  dam 

21,624,000 

Fish  and  wildlife  facilities 

Fish  rearing  ponds 

EA 

11 

31,500 

346,500 

Hatchery  building 

Job 

Sum 

- 

130,000 

Fencing 

Miles 

4 

3,500 

14,000 

Contingencies 

- 

79.500 

Total  fish  and  wildlife  facilities 

570,000 

Engineering  and  design 

- 

- 

- 

1,420,000 

Supervision  and  administration 


Supervision  and  inspection 
Overhead 


1,090,000 

471.000 


Total  supervision  and  administration 


1,561,000 


Total  project  costs 
(R  12/83) 


J-10 


31,100,000 


Table  J-4  -  Summary  of  estimated  first  cost  for  upgrading  Baldhill  Dam 


(Option  1  -  no  raise  of  embankment,  new  spillway,  and  removal 
of  existing  spillway) _ 


Item 

Cost 

Relocat ions 

$1,190,000 

Dam 

17,805,000 

Embankment 

(1,044,000) 

Spillway 

(15,566,000) 

Cofferdam 

(528,000) 

Fish  and  wildlife  facilities 

570,000 

Engineering  and  design 

1,208,000 

Supervision  and  administration 

1,227,000 

Total  project  costs 

22,000,000 

J-ll 
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AVERAGE  ANNUAL  COSTS 
* 

The  total  average  annual  costs  for  the  project  are  estimated  at 
$3,003,900  and  are  summarized  in  tablf1  J-5.  The  interest  and  amortization 
factor  used  was  0.076299  which  represents  a  7  5/8-percent  interest  rate 
over  a  100-year  period. 


Table  J-5  -  Summary  of  estimated  annual  charges  for  the  selected  plan 


Item 

Cost 

Raise  of  Baldhill  Dam 

$9,100,000(1) 
1,071 ,000 
10,171,000 

Construction  cost  ... 

Interest  during  construction' 
Total  first  cost.  .... 

Annualized  cost  ' 

Annual  operation  and  mainte¬ 
nance  cost  (increase) 

Total  average  annual  costs 

$757,700 

10,000 

767,700 

Levees  and  flood  diversion  channel  at 

West  Fargo/Riverside 

Construction  cost  ... 

Interest  during  construction' 
Total  first  cost.  . 

Annualized  cost 

Annual  operation  and 
maintenance  costs 

Total  average  annual  costs 

17,200,000 

2,268.000 

19,468,000 

1.483.900 

46.000 

1.529.900 

Flood  diversion  channel  -  Horace  to  West  Fargo 


Construction  cost  .  . 

Interest  during  construction' 

8,100,000 

829.300 

Total  first  cost... 

Annualized  cost 

8,929,300 

681,300 

Annual  operation  and 
maintenance  costs 

25.000 

Total  average  annual  costs 

706,300 

Total  first  costs 

34,400,000(5) 

Total  average  annual  costs 

3,003,900 

(1)  Only  that  portion  of  costs  assigned  to  flood  control  (i.e.,  for 
Baldhill  Dam:  $31,100,000  -  $22,000,000  -  $9,100,000). 

(2)  Based  on  a  3-year  construction  period  at  7  5/8-percent  interest 
using  compound  interest  procedures. 

(3)  Interest  and  amortization  factor  for  100-year  period  at  an  interest 
rate  of  7  5/8  percent  is  0.076299. 

(4)  The  relocation  assistance  payment  costs  (Public  Law  91-646)  were 
removed  from  th  e  construction  cost  of  the  project  when  the  annualized 
cost  was  computed. 

(5)  Does  not  include  costs  associated  with  the  upgrading  of  Baldhill  Dam 
for  Dam  Safety  Assurance  reasons. 
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APPENDIX  K 

GEOTECHNICAL  DESIGN  CONSIDERATIONS 


INTRODUCTION 

The  geotechnical  design  considerations  pertinent  to  the  proposed  Sheyenne 
River  flood  control  plan  are  presented  in  the  following  sequence.  The  physio¬ 
graphy  associated  with  the  Sheyenne  River  basin  is  presented  initially  and  is 
followed  by  a  brief  discussion  of  geologic  aspects  important  to  the  proposed 
plan.  Existing  conditions  and  the  proposed  modification  at  Baldhill  Dam  are 
then  presented  and  are  followed  by  a  discussion  of  the  proposed  Nest  Fargo 
diversion.  The  modification  of  Baldhill  Dam,  the  West  Fargo  diversion,  and 
possibly  other  presently  undetermined  diversions  appear,  at  this  time,  to  be 
the  features  of  the  proposed  plan  for  which  the  Corps  of  Engineers  would  have 
design  responsibility. 


PHYSIOGRAPHY 

The  Sheyenne  River  basin  lies  in  portions  of  four  major  physiographic 
areas,  or  features,  which  were  formed  during  the  Pleistocene  Epoch  and  have 
suffered  little  modification  by  subsequent  erosion  and  deposition.  These 
features,  shown  on  figure  K-l,  are  the  Missouri  Coteau,  Red  River  Valley,  Sheyenne 
Delta  and  Drift  Prairie.  All  except  the  Missouri  Coteau  are  part  of  the  Central 
Lowlands  physiographic  province  and  provide  uniform,  convenient  reference  units 
for  discussion  of  the  geology  pertinent  to  the  evaluation  of  flood  control 
alternatives.  Only  the  extreme  western  tip  of  the  basin  lies  in  the  Missouri 
Coteau  which  is  part  of  the  Great  Plains  physiographic  province.  This  area  is 
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Shevenne  River  Basin 
Physiographic  Areas 
Figure  K-l 


remote  from  alternatives  considered  and  is,  therefore,  mentioned  only  for 
completeness  and  is  not  discussed. 

Since  the  physiography  of  the  basin  is  closely  related  to  Pleistocene  and 
recent  geologic  events,  that  portion  of  the  geologic  history  is  presented 
briefly.  During  the  Pleistocene  Epoch,  glaciers  advanced  several  times  over 
an  eroded  Cretaceous  and  pre-Cretaceous  bedrock  surface  and  deposited  glacial 
drift  that  ranges  from  a  few  feet  to  more  than  300  feet  in  thickness.  As  the 
last  glacial  ice  mass  receded  northward,  it  formed  a  barrier  to  the  northerly 
drainage  of  the  area.  This  barrier  caused  a  large  lake.  Lake  Agassiz,  to  be 
formed  in  the  present  Red  River  Valley.  The  Sheyenne  River,  swollen  with 
glacial  meltwater,  flowed  into  the  lake  and  deposited  large  quantities  of  sedi¬ 
ment  which  formed  the  Sheyenne  Delta  at  the  mouth  of  the  river.  With  continued 
retreat  of  the  glacier.  Lake  Agassiz  receded  from  the  area  and  the  present 
drainage  was  established. 

The  Red  River  Valley  represents  the  nearly  flat  bed  of  Lake  Agassiz  and 
ranges  in  elevation  from  890  mean  sea  level  near  the  mouth  of  the  Sheyenne 
River  to  1000  at  the  margin  of  the  Sheyenne  Delta  west  of  Kindred.  A  low 
escarpment  marks  the  eastern  edge  of  the  delta  above  elevation  1000.  West  of 
the  delta  front  the  upland  elevations  range  from  1020  to  1700.  The  Drift 
Prairie  is  characterized  by  a  gently  undulating  to  hilly  surface  that  is  poorly 
drained  by  the  Sheyenne  River  and  its  tributaries.  The  Sheyenne  River  valley 
varies  in  depth  from  100  to  200  feet  and  ranges  in  width  from  1/4  to  2  miles 
in  the  Drift  Prairie  and  Sheyenne  Delta  areas.  In  the  Red  River  Valley  the 
river  flows  in  a  meander  belt  1/4- to  1/2-mile  wide  with  no  well  defined  valley. 
Natural  woodlands  are  restricted  to  the  river  corridor.  The  rest  of  the  basin 


is  prairie  that  is  cultivated  and  pastured. 


GEOLOGY 

The  geology  and  groundwater  of  the  Sheyenne  River  Basin  are  discussed 
in  Appendix  K,  Phase  I,  General  Design  Memorandum  Working  Papers,  Stage  2 
Documentation.  Therefore,  only  new  information  or  those  geologic  aspects  im¬ 
portant  to  the  considered  alternatives  are  discussed. 

Red  River  Valley 

The  geology  pertinent  to  the  construction  of  levees  and  channels  in  the  Red 
River  Valley  is  a  product  of  sedimentation  in  glacial  Lake  Agassiz  which  existed 
in  two  phases  separated  by  a  period  of  subaerial  erosion.  Sediment  laid  down 
in  the  first  phase  consists  of  dark  gray  to  black,  highly  plastic  clay.  This 
clay  rests  on  top  of  glacial  drift  and  averages  60  feet  in  thickness  in  the  area 
between  Kindred  and  the  mouth  of  the  Sheyenne  River.  A  uniform  bed  of  laminated 
silt-  and  cl«y  deposited  in  the  second  Lake  Agassiz  phase  mantles  the  lower  clay 
unit  and  is  15  to  25  feet  thick  in  the  area.  Occasional  buried  channels  that 
were  cut  and  filled  during  the  interlake  phase  occur  between  the  two  lacustrine 
units,  and  low  sandy  beach  ridges  occur  at  the  surface  but  are  generally  west 
of  the  sites  of  proposed  work.  The  lower  lacustrine  clay  is  notorious  in  the 
area  for  its  poor  foundation  and  slope  stability  characteristics.  Although 
the  upper  unit  of  laminated  silt  and  clay  is  more  competent,  it  is  more  easily 
eroded  by  running  water  and  has  been  a  problem  element  in  improperly  designed 
or  constructed  drainage  ditches.  The  lacustrine  clays  are  underlain  by  100  to 
250  feet  of  glacial  drift  which  rests  on  Precambrian  granite  and  Cretaceous  shale. 
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Sheyenne  Delta 


v  __  The  Sheyenne  Delta  is  composed  of  sand,  silt  and  clay  that  grade  from  coarse 

in  the  west  to  fine  in  the  east.  The  texture  and  distribution  of  the  sediments 
are  discussed  in  detail  in  previous  studies  dealing  with  the  Kindred  Dam  alter¬ 
native.  An  existing  high  water  table  was  a  source  of  concern  in  the  evaluation 
of  Kindred  Dam,  and  a  study  by  the  United  States  Geological  Survey  (USGS)  in 
1979  showed  the  water  table  could  be  raised  1.0  foot  as  far  as  4  miles  from  the 
river  valley.  Preliminary  estimates  from  a  subsequent  refinement  of  that  study 
by  the  USGS  indicate  the  1.0- foot  change  would  only  extend  about  one  mile  or 
less  from  the  valley.  Although  the  Kindred  Dam  alternative  is  not  considered 
in  this  report,  the  more  recent  study  of  impact  on  the  water  table  is  reported 
to  ensure  a  record  of  the  complete  evaluation. 

Drift  Prairie 

The  Drift  Prairie  is  mantled  by  glacial  drift,  primarily  sandy  clay  till, 
with  a  thickness  of  a  few  to  over  200  feet,  that  overlies  Cretaceous  shale 
bedrock.  Bedrock  is  exposed  along  the  Sheyenne  River  valley  upstream  of  Fort 
Ransom.  Except  for  exposures  of  the  Niobrara  Formation  near  Fort  Ransom,  the 
exposed  bedrock  is  the  lower  portion  of  the  Pierre  Formation.  That  portion  of 
the  formation  is  unstable  and  fails  readily  by  slumping  where  exposed  in  road 
cuts,  along  the  river  valley  and  the  shoreline  of  Lake  Ashtabula.  Slope  fail¬ 
ures  also  frequently  occur  at  the  glacial  till-shale  contact  where  it  is  exposed 
by  erosion  or  excavation. 

Modification  of  Baldhill  Dam  is  the  only  major  structural  alternative 
proposed  in  the  Drift  Prairie  and  includes  a  raise  of  up  to  5  feet  in  the 
embankment  and  a  new  spillway.  The  site  geology,  illustrated  by  profiles 
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■  on  plate  K-3,  consists  of  glacial  drift  overlying  Cretaceous  shale  of 
the  Pierre  Formation  in  the  abutments  and  alluvial  valley  fill  overlying 
the  Pierre  Formation  under  the  valley  floor. 

On  the  right  abutment,  gravelly  sandy  clay  till  rests  on  shale  between 
elevation  1260  and  1280,  This  contact  was  a  weak  plane  responsible  for  failure 
of  the  overlying  slope  .where  exposed  along  the  existing  spillway  discharge 
channel.  The  slope  was  finally  stabilized  by  construction  of  a  shear  wall 
founded  in  the  shale.  A  till-filled  preglacial  valley  exists  under  the  left 
abutment  and  is  separated  from  the  present  valley  by  a  buried  shale  ridge.  The 
v.  lley  and  ridge  are  obscured  by  a  thick  cover  of  drift  and  are  not  apparent 
at  the  ground  surface.  Glaciof luvial  sand  and  gravel  deposits  cap  the  till 

above  elevation  1270  on  the  left  abutment.  The  valley  alluvium  averages  about 
50  feet  in  thickness  and  consists  primarily  of  clay  with  thin,  discontinuous 
beds  of  sand  and  gravel  throughout. 

The  Piferre  Fdtmation  is  represented  by  the 'Gregory  and  Pembina  Members 
which  are  characterized  by  undesirable  engineering  properties.  The  members 
contain  a  higher  frequency  of  bentonite  seams  than  those  higher  in  the  forma¬ 
tion  and  are  generally  unstable  where  exposed  in  road  cuts  or  by  erosion  along 
the  river  valley. 

The  water  table  at  the  site  has  not  been  defined  and  is  inferred  on  the 
geologic  profiles.  Free  water  below  the  water  table  would  be  available  only 
in  sandy  phases  of  the  drift  and  alluvium. 

Subsurface  investigation  indicates  the  new  spillway,  as  proposed,  would  be 
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partially  founded  on  shale  and  partially  founded  on  till. 


BALDHILL  DAM 

General 

The  existing  Baldhill  Dam,  which  was  constructed  during  the  period  from 
1947  to  1950,  consists  of  a  1650-foot-long  earth  embankment  and  a  160-foot-wide 
concrete  control  structure.  Discharges  are  regulated  by  three  16-foot-high 
by  40-foot-wide  tainter  gates  and  two  3-foot-diameter  low  flow  conduits.  The 
low  flow  conduits  are  located  in  the  central  tainter  gate  piers.  At  normal 
pool  elevation  1266.0,  the  pool  extends  27  miles  upstream  and  contains  70,700 
acre-feet  of  water.  The  embankment  has  a  20-foot- top  width  and  a  maximum  height 
of  about  60  feet  at  the  old  river  channel.  The  embankment  was  constructed  with 
symmetrical  upstream  and  downstream  slopes.  From  top  of  dam  elevation  1278.5 
to  elevation  1270.0  the  slopes  were  IV  on  211,  from  elevation  1270.0  to  elevation 
1253.0  the  slopes  were  IV  on  2hH,  and  from  elevation  1253.0  to  the  stripping 
line  the  i  .opes  were  IV  on  3H.  A  disposal  berm  was  placed  against  the  upstream 
slope  from  the  natural  ground  surface  to  a  minimum  elevation  of  1245.0.  A 
minimum  stripping  depth  of  12  inches  was  required  over  the  full  base  width 
of  the  embankment,  but  no  core  (or  inspection)  trench  was  required.  Internal 
drainage  was  provided  by  a  3-foot-thick  drainage  blanket  placed  on  the  stripping 
line  for  the  downstream  one- fifth  of  the  embankment  base  width,  siooe  protection  up¬ 
stream,  and  below  elevation  1253.0  downstream,  consisted  of  12  inches  of  riprap 
placeu  n  6  inches  of  gravel.  On  the  downstream  slope,  above  elevation  1253.0, 

6  inches  of  topsc'l  .as  placed  and  seeded.  The  embankment  crest  was  protect¬ 
ed  with  6  m  b- -  ->f  tabilized  gravel.  Construction  drawings  indicate  that 
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the  embankment  material  consists  of  lean  clay  and  more  pervious  materials  down¬ 
stream  of  the  embankment  centerline  and  fat  clay  and  shale  upstream  of  the 
embankment  centerline. 

Postconstruction  Modifications 

Modifications  subsequent  to  construction  include  upstream  riprap  repair, 
control  of  surface  runoff  and  foundation  seepage  in  the  downstream  toe  area, 
stabilization  of  a  slide  on  the  right  abutment  above  the  discharge  channel, 
extension  of  the  slope  protection  on  both  sides  of  the  discharge  channel  as 
well  as  on  the  right  side  of  the  approach  channel,  and  the  construction  of  a 
tail  water  control  structure  in  the  discharge  channel.  The  riprap  extensions 
in  the  channels  and  the  tail  water  control  structure  are  listed  for  complete¬ 
ness  and  are  not  particularily  significant  with  regard  to  the  proposed  modifi¬ 
cation  of  Baldhill  Dam  presented  later. 

The  upstream  riprap  repair  was  required  because  of  erosion  of  the  original 
slope  protection  during  periods  of  high  wave  action.  The  repair  consisted  of  flat 
tening  the  upstream  slope  and  placement  of  new  upstream  slope  protection.  The 
upstream  slope  is  now  IV  on  2^H  from  the  embankment  crest  to  the  surface  of  a 
small  berm  which  was  constructed  to  elevation  1254.0  prior  to  placing  the  new 
slope  protection. 

Immediately  downstream  of  the  dam,  wet  conditions  existed  for  several  years 
due  to  both  the  ponding  of  surface  runoff  and  the  emergence  of  a  significant 
amount  of  foundation  seepage  in  the  vicinity  of  station  15+50  to  16+50.  The 
foundation  seepage  occurs  through  a  2- to  5-foot-thick  zone  of  sand,  gravel,  and 
cobbles  located  3  to  8  feet  below  the  original  groundline  between  about  station 


14+00  and  the  concrete  spillway.  This  pervious  zone  is  probably  exposed  in  the 
spillway  approach  channel  and  may  also  be  connected  to  the  pool  through  the 
sand  backfill  placed  behind  the  upstream  left  wingwall  of  the  spillway.  Be¬ 
cause  there  was  no  core  (or  inspection)  trench  required,  the  pervious  zone  was 
not  cut  off  when  the  embankment  was  constructed.  To  control  the  foundation 
seepage,  and  prevent  its  emergence  at  the  ground  surface  near  the  downstream  toe, 
an  8— inch  subdrain  has  been  installed  in  the  pervious  zone  to  collect  the  founda¬ 
tion  seepage  and  convey  it  to  the  discharge  channel  downstream  of  the  spillway. 

To  improve  surface  drainage  in  the  downstream  toe  area  a  ditch  has  been  excavated 
about  110  feet  downstream  of  the  embankment  toe  to  drain  surface  runoff  to  the 
old  river  channel.  Between  the  ditch  and  the  embankment  toe,  up  to  3  feet  of 
berm  fill  has  been  placed  to  provide  positive  surface  drainage  to  the  ditch. 

The  excavation  for  the  original  construction  of  the  spillway  and  associated 
approach  and  discharge  channels  triggered  overburden  slides  in  the  right  abutment. 
The  abutment  consists  of  glacial  till  overlying  shale  bedrock.  The  shale  surface 
has  a  slight  downward  slope  toward  the  valley  and  the  slides  occurred  along  the 
saturated,  sloping  glacial  till-shale  contact.  Intermittent  movements  of  the 
overburden  slides  above  the  stilling  basin  and  discharge  channel  and  above  the 
approach  channel  continued  subsequent  to  construction.  A  450-foot-long  shear 
wall  was  finally  installed  about  95  feet  upslope  from  the  stilling  basin  and 
discharge  channel  to  stabilize  the  downstream  slide  area.  The  shear  wall  consists 
of  a  vertical  pile  wall  anchored  in  the  firm  underlying  shale  and  extending  4  feet 
into  the  overburden  material.  Since  its  installation  the  shear  wall  has  been 
effective  in  preventing  overburden  movement  above  the  stilling  basin  and  the  dis¬ 
charge  channel.  To  date  no  attempt  has  been  made  to  stabilize  the  upstream 
slide  area  above  the  approach  channel. 
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Evaluation  of  Present  Conditions 


There  are  two  major  concerns  with  regard  to  present  conditions  at  Baldhill 
Dam.  Because  of  the  steep  side  slopes,  the  embankment  does  not  meet  current  slope 
stability  requirements  for  sudden  drawdown  and  steady  seepage.  Preliminary  slope 
stability  analyses  indicate  that  IV  on  3.5H  slopes  are  required  to  meet  the  current 
criteria.  Also  the  dam  does  not  have  sufficient  spillway  capacity  to  prevent  the 
embankment  from  being  overtopped  during  relatively  rare  floods.  Since  the  dam  is 
high  hazard  with  respect  to  the  National  Dam  Safety  Assurance  classification  system, 
extensive  modification  of  the  dam  will  be  required  to  correct  these  two  major  de¬ 
ficiencies.  The  required  modification  may  be  accomplished  either  as  part  of  the 
more  extensive  Sheyenne  River  flood  control  project  or  as  a  separate  project  under 
the  Dam  Safety  Assurance  program.  In  either  case  the  required  modifications  will 
be  extensive,  though  not  necessarily  identical. 


Factors  other  than  the  embankment  stability  and  the  spillway  capacity  that 
should  be  considered  in  any  proposed  modification  include  the  intermittent 
cracking  and  gradual  spreading  of  the  embankment  crest,  tilting  of  the  spillway 
walls,  heaving  of  the  spillway  chute  and  stilling  basin  slabs  caused  by  rebound 
in  shale  foundation,  seepage  exiting  on  the  discharge  channel  slope  adjacent 
to  the  left  wingwall  of  the  stilling  basin,  repair  and  maintenance  of  the  dis¬ 
charge  channel  slope  protection,  and  the  foundation  seepage  and  right  abutment 
slides  mentioned  earlier. 

Intermittent  cracking  of  the  embankment  crest  near  both  the  upstream  and 
downstream  shoulders  has  been  observed  over  the  years.  No  vertical  displacement 
occurs  at  the  cracks  and  they  self-heal  with  time.  Separation  pins  installed 


across  the  embankment  crest  indicate  that  the  crest  is  spreading  at  a  fairly 
constant  rate  of  about  0.85  inch  per  year.  Two  slope  indicators  installed 
near  the  upstream  shoulder  of  the  embankment  indicate  that  the  spreading  is 
confined  to  the  upper  10  to  20  feet  of  the  embankment.  The  slope  indicators, 
including  two  installed  at  the  downstream  toe,  do  not  show  any  significant 
movements  in  the  foundation  soils  or  at  depths  in  excess  of  20  feet  within  the 
embankment.  The  gradual  spreading  and  intermittent  cracking  of  the  crest  -are 
probably  related  phenomena  and  are  believed  to  be  caused  by  a  combination  of 
settlement,  freeze-thaw,  seasonal  moisture  changes,  and  possibly  slow  creep  of 
the  steep  slopes  in  the  upper  portion  of  the  embankment.  Regardless  of  the 
cause,  the  slope  flattening  required  to  meet  current  stability  criteria  should 
eliminate,  or  significantly  reduce,  the  cracking  and  gradual  spreading  once 
consolidation  caused  by  the  added  fill  is  complete. 

The  foundation  seepage  discussed  previously  is  currently  controlled  by  a 
subdrain  installed  in  the  pervious  zone;  however,  a  positive  cutoff  of  the 
pervious  zone  is  preferred  and  should  be  installed  when  the  embankment  is 
modified. 

Since  the  plan  presented  in  this  report  includes  a  new  spillway  on  the  left 
abutment  and  removal  of  the  existing  spillway,  conditions  of  the  existing  spill¬ 
way  and  associated  approach  and  discharge  channels  are  significant  only  to  the 
extent  that  they  indicate  potential  problems  to  be  evaluated  in  the  final  design. 

Proposed  Plan 

The  proposed  plan  for  a  5-foot  raise  of  Baldhill  Dam  is  shown  on  plate  K-l. 
Although  the  raise  that  will  ultimately  be  recommended  for  final  design  has 
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not  been  precisely  determined  at  this  time,  it  appears  highly  unlikely  that  the 
raise  will  exceed  5  feet.  Thus, the  plan  shown  on  plate  K-l  for  a  5-foot  raise 
is  considered  to  be  a  reasonable  representation  of  what  the  final  modifications 
will  actually  be.  Note  that  the  new  spillway,  capable  of  discharging  the 
probable  maximum  f loo  1  will  be  constructed  on  the  left  abutment.  Once  the  em¬ 
bankment  modification  is  essentially  complete  and  the  new  spillway  is  operational, 
the  existing  spillway  will  be  cofferdammed  of f  and  then  partially  or  completely 
removed.  The  embankment  will  then  be  extended  across  the  existing  spillway 
area  and  the  existing  discharge  channel  will  be  filled.  The  material  in  the 
cofferdam  upstream  of  the  existing  structure  could  then  be  used  to  fill  the 
existing  approach  channel.  This  would  tend  to  stabilize  the  upstream  right 
abutment  slide.  Stabilization  of  the  slide  would  not  be  necessary,  but  may  be 
desirable. 

A  typical  section  showing  the  proposed  embankment  modification  is  shown 
on  plate  k-2.  It  is  anticipated  that  the  embankment  modification  will  have 
to  be  accomplished  with  the  pool  at,  or  above,  elevation  1236.0.  Therefore, 
the  centerline  of  the  raised  embankment  will  be  about  40  feet  downstream  of 
the  existing  centerline  so  that  the  major  portion  of  the  modification  will 
be  on  the  downstream  side  of  the  existing  embankment.  Work  on  the  upstream 
side  of  the  embankment  below  pool  level  will  be  limited  to  the  placement  of 
clean  pervious  fill  and  riprap  slope  protection.  The  crest  width  of  the  em¬ 
bankment  will  be  increased  to  30  feet  and  both  the  upstream  and  downstream  slopes 
will  be  flattened  to  IV  on  3^  H  to  meet  current  slope  stability  requirements. 

The  existing  downstream  riprap  will  be  salvaged  and  the  remaining  downstream 
area  beneath  the  new  impervious  fill  section  will  be  stripped  to  a  minimum  depth 
of  6  inches.  Existing  riprap  to  be  removed  on  the  upstream  slope  will  be  placed 
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underwater  between  elevation  1254.0  and  pool  level  to  flatten  the  upstream 
slope.  Internal  drainage  will  consist  of  the  sand  drain  and  15 -inch-diameter 
perforated  pipe  toe  drain  shown  on  the  typical  section.  The  toe  drain  will  dis¬ 
charge  into  the  stilling  basin  of  the  new  spillway.  Impervious  fill  for  the 

embankment  will  be  obtained  from  the  excavation  for  the  new  spillway  and  as¬ 

sociated  approach  and  discharge  channel.  New  upstream  slope  protection  above 
pool  level  will  consist  of  24  inches  of  riprap  placed  on  12  inches  of  bedding. 
Downstream  embankment  slope  protection  will  consist  of  4  inches  of  topsoil  and 
seeding.  The  embankment  crest  will  be  protected  with  6  inches  of  stabilized 
aggregate.  Should  a  decision  be  made  to  place  a  vehicle  bridge  across  the  new 
spillway,  the  crest  would  be  revised  to  incorporate  a  wider  top  width,  6  inches 

of  stabilized  aggregate  base  course,  and  bituminous  paving. 

The  random  fill  berm  shown  on  the  downstream  side  of  the  embankemnt  pro¬ 
vides  a  disposal  area  for  approximately  340,000  cubic  yards  of  excess  excavation 
from  the  new  spillway  and  is  not  required  for  embankment  stability.  The 
berm,  which  was  added  after  stability  analyses  had  been  performed,  would  permit 
steepening  the  downstream  embankment  slope.  However,  considering  the  excess 
excavation  available,  it  was  decided  to  keep  the  downstream  slope  at  IV  on  3!sH 
for  ease  of  maintenance.  Stripping  of  the  existing  ground  surface  beneath  the 
berm  will  not  be  required.  Erosion  protection  on  the  surface  of  the  berm  will 
consist  of  4  inches  of  topsoil  and  seeding. 

Construction  of  the  berm,  along  with  excavation  of  the  discharge  channel, 
will  obliterate  several  of  the  existing  fish  rearing  ponds  located  downstream 
of  the  dam.  Relocation  of  the  fish  rearing  facilities  will,  therefore,  be  required. 
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Subsurface  Data 


Only  limited  subsurface  data  is  presented  for  Baldhill  Dam  in  order  to 
significantly  reduce  the  number  of  plates  required  and  to  restrict  the  level 
of  detail  to  tliat  justified  by  the  current  stage  of  the  study.  Boring  logs 
and  soil  strength  data  have,  therefore,  been  limited  to  the  abbreviated  boring  logs 
shown  on  the  geologic  profiles  on  plate  K-3  and. to  the  tabulated  soil  strength 
data  given  below.  The  abbreviated  boring  logs,  the  tabulated  soil  strength 
data,  and  the  performance  history  of  the  existing  dam  provide  a  reasonable 
basis  for  evaluating  the  proposed  modification  of  the  dam. 


Undisturbed  Soil  Strength  Parameters* 


Q-Strrengths  R-Strengths  S-Strengths 


Material 

0 

(degrees) 

C 

(pcf) 

0 

(degrees) 

C 

(pcf) 

0 

(degrees) 

C 

(pc 

Existing  Embankment  Fill 

14.6 

2080 

16.9 

260 

28.1 

0 

Remolded  Embankment  Fill 

3.2 

1720 

13.7 

340 

23.9 

0 

Existing  Channel  Fill 

0 

300 

17.2 

300 

29.0 

0 

Alluvial  Material  (upper) 

2.2 

400 

16.6 

500 

28.2 

0 

Alluvial  Material  (middle) 

2.9 

1200 

15.3 

820 

23.5 

0 

Alluvial  Material  (lower) 

0 

320 

13.9 

240 

27.0 

0 

•Results  of  tests  performed  in  1977  on  5-inch-diameter  Shelby  samples. 


Foundation  Conditions 

The  foundation  conditions  at  Baldhill  Dam  are  shown  on  the  geologic  profiles 
on  plate  K-3.  The  locations  of  the  borings  used  to  develop  geologic  profiles 

are  shown  on  plate  K-l.  The  alluvial  material  overlying  the  shale  bedrock  in  the 
valley  has  a  maximum  depth  of  about  50  feet,  consists  primarily  of  clays,  and 
is  relatively  compressible.  A  foundation  settlement  gage  installed  on  center- 


line  at  station  12+75  during  construction  indicates  a  total  settlement  of  about 
2.6  feet  due  to  the  43  feet  of  existing  embankment  fill.  About  0.9  foot  of 
the  total  settlement  has  occurred  since  the  embankment  was  completed  in  Decem¬ 
ber  1947.  The  compressibility  of  the  alluvial  material  precludes  founding  con¬ 
crete  control  structures  on  this  material. 

The  right  abutment  consists  of  glacial  till  overlying  shale  bedrock.  The 
shale  surface  has  a  slight  downward  slope  toward  the  valley  and  the  glacial  till- 
shale  contact  zone  is  saturated.  Founding  the  existing  structure  on  the  shale 
bedrock  avoided  the  settlement  problems  associated  with  the  alluvial  material  in 
the  valley,  but  the  potential  for  sliding  of  the  glacial  till  overburden  on 
the  saturated  glacial  till-shale  contact  apparently  was  not  recognized  until 
such  slides  actually  occurred  during  construction.  Intermittent  sliding  of 
the  glacial  till  overburden  above  the  approach  channel  has  continued  to  occur 
since  construction.  Similar  sliding  above  the  stilling  basin  and  discharge 
channel  was  stabilized  by  the  shear  wall  installation  discussed  previously. 

The  left  abutment  consists  of  glaciof luvial  deposits  of  sands  and  gravels 
overlying  the  glacial  till  which,  in  turn,  overlies  the  shale  bedrock.  The 
new  spillway  will  be  located  in  the  left  abutment  to  avoid  the  compressible 
alluvial  material  in  the  valley,  to  simplify  cofferdamming,  and  to  avoid  the  over¬ 
burden  slides  associated  with  the  existing  spillway  location  on  the  right  abut¬ 
ment.  To  minimize  excess  excavation  the  spillway  will  be  located  as  far  valley- 
ward  as  practical,  considering  foundation  conditions,  and  the  spillwnv  will  be 
skewed  with  respect  to  the  embankment  centerline.  The  excess  excavation  quantity 
for  tiie  spillway  Lov.  : on  shown  is  about  340,000  cubic  yards,  and  the  quantity 
increases  rapidly  as  the  spillway  is  moved  farther  into  the  abutment.  The  ex¬ 
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cavated  material  will  consist  primarily  of  glacial  till,  with  significantly  lesser 
amounts  of  shale,  alluvial  material,  and  glaciofluvial  sands  and  gravels.  The 
glacial  till  is  an  excellent  embankment  material  and  will  be  used  for  the  impervious 
fill  portion  of  the  modified  embankment.  Excess  excavation  will  be  placed  in  the 
random  fill  disposal  berm  at  the  embankment  toe  and  in  the  existing  discharge 
channel.  The  surface  glaciofluvial  sands  to  the  left  of  the  new  spillway  will  be 
cut  off  with  a  conventional  core  trench  excavated  to  the  glacial  till  and  extending 
approximately  100  feet  into  the  abutment  from  the  spillway  excavation. 

On  the  basis  of  the  existing  borings  it  appears  that  the  concrete  spill¬ 
way  will  be  founded  primarily  on  the  shale  bedrock,  but  that  portions  of  the 
structure  may  be  on  glacial  till.  If  future  borings  verify  that  the  structure 
is  founded  on  both  shale  and  glacial  till,  then  special  foundation  treatment 
such  as  overexcavation  may  be  required  to  ensure  reasonably  uniform  foundation- 
structure  interaction.  Considering  the  performance  of  the  existing  structure, 
an  anchorage  system  will  probably  be  required  to  eliminate,  or  control,  rebound 
in  the  shale  foundation  beneath  the  new  structure.  The  stilling  basin  and 
chute  slabs  of  the  existing  spillway  contain  anchors  spaced  7  to  10  feet  apart 
that  extend  8  feet  into  the  shale.  To  date  the  slabs  show  a  maximum  rebound  of 
about  inches  relative  to  the  spillway  side  walls.  Relative  to  adjacent  slabs, 
the  rebound  has  been  fairly  uniform  with  negligible  vertical  displacement  at 
joints  between  slabs. 

The  foundation  seepage  discussed  previously,  and  which  the  slurry  trench 
is  designed  to  cut  off,  occurs  through  the  GP-GC  zone  at  elevation  1236  to  1240 
in  boring  73-24  shown  just  to  the  left  of  the  existing  spillway  on  the  geologic 
profile. 
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Future  Subsurface  Investigations 

Additional  boring  and  testing  will  be  necessary  to  obtain  adequate  sub¬ 
surface  data  for  final  design.  Assuming  the  modification  will  be  as  proposed 
herein,  the  principal  area  needing  further  investigation  is  the  left  abutment. 
Specifically,  better  definition  of  elevation  and  slope  of  the  shale  surface  is 
required  at  the  spillway  structure  location  and  beneath  the  left  cut  slopes  of 
the  approach  and  discharge  channels.  Strength,  compressibility  and  rebound 
characteristics  of  the  shale  will  be  needed  for  design  of  the  spillway  structure, 
and  remolded  strengths  of  the  glacial  till  are  needed  to  refine  the  embankment 
stability  analyses.  In  the  valley,  additional  strength  tests  and  consolidation 
tests  are  necessary  in  order  to  refine  foundation  strength  parameters  to  be 
used  in  future  stability  analyses  and  to  predict  embankment  settlement.  Some 
boring  and  testing  of  the  foundation  soils  along  upstream  cofferdam  alignments 
is  also  anticipated. 


Stone  and  Aggregate  Construction  Materials 

Aggregate  materials  and  good  quality  field  stone  for  riprap  are  available 
within  a  20-mile  radius  of  the  dam. 


WEST  FARGO  DIVERSION 

General 

The  materials  present  at  West  Fargo  and  much  of  the  lower  Sheyenne  River 
valley  can  be  easily  recognized  and  correlated  with  materials  found  elsewhere 
in  the  Red  River  Valley.  They  are  the  lacustrine  sediments  and  underlying 
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glacial  deposits.  Boring  logs  in  areas  of  various  Aversion  channel  alignments 
are  on  plate  K-4.  A  brief  description  of  the  two  major  formations  is  given  in 
the  following  paragraphs. 

Lacustrine  Sediments 

Lacustrine  sediments  are  present  throughout  the  entire  Lake  Agassiz  region. 
In  the  West  Fargo  project  area  they  consist  of  two  units  that  can  be  traced 
over  most  or  all  of  the  region.  The  upper  unit  is  composed  of  clays,  silty 
clays  and  silts;  it  is  easily  recognized  by  its  texture  and  light  brown  color 
where  oxidation  has  occurred.  Geologic  studies  have  further  subdivided  this 
unit,  but  because  of  the  difficulty  in  accounting  for  many  of  the  differences 
in  engineering  properties  relevant  to  this  study  and  the  limited  data  available, 
further  subdivision  was  considered  inappropriate.  It  is  likely  that  at  many 
locations  the  top  few  feet  of  soil  are  fluvial,  or  windblown, deposits.  For  the 
purposes  of  stability  analysis  no  distinction  is  made  for  any  differences  in 
the  properties  of  fluvial  sediments  within  the  upper  unit.  In  the  West  Fargo 
area  the  upper  lacustrine  unit  extends  from  13  to  18  feet  in  depth  with  liquid 
limits  varying  from  80  to  111  percent.  A  silt  seam  was  found  in  this  unit  at 
boring  79-11M.  The  silt  had  a  liquid  limit  of  30  percent.  Moisture  contents 
vary  from  22%  in  the  desiccated  surface  layers  to  48%  in  deeper  layers.  At 
scattered  locations  and  depths  this  unit  may  exhibit  slickensided  surfaces  upon 
shearing  or  breaking.  The  base  of  this  unit  is  at  approximately  elevation  881 
where  it  meets  the  top  of  the  lower  lacustrine  unit. 

Tne  lower  lacustrine  unit  is  composed  of  dark  gray  to  black  clay  and  is 
desiccated  for  the  first  few  feet  as  a  result  of  a  temporary  glacial  retreat  that 
allowed  lake  levels  to  fall  during  the  period  in  which  the  Lake  Agassiz  sedi¬ 
ments  were  being  deposited.  The  unit  becomes  siltier  with  depth  until  it 


gradually  changes  into  glacial  till  at  approximately  elevation  825,  making 
the  unit  typically  50  to  60  feet  thick.  Liquid  limits  vary  from  70  to  130  per¬ 
cent  and  plastic  limits  vary  from  22  to  40  percent.  The  lower  liquid  and  plastic 
limits  are  found  deep,  near  or  within  the  transition  to  glacial  till.  Moisture 
contents  have  been  shown  to  be  the  best  variable  to  correlate  the  unit  between 
locations,  and  typically  vary  from  50  to  80  percent  with  lower  values  found  both 
deep  and  within  the  zone  of  desiccation  at  the  top  of  the  unit.  All  the  lac¬ 
ustrine  sediments,  but  especially  the  lower  unit,  have  a  record  of  being 
notoriously  poor  foundation  materials  throughout  the  entire  Lake  Agassiz 
region.  This  unit  consistently  exhibits  slickensides  upon  shearing. 

Glacial  Sediments 

Glacial  sediments  underlie  the  lacustrine  clay  throughout  the  region. 

These  sediments  consist  of  gray  clay  with  lower  Atterberg  limits  and  higher 
shear  strengths  than  the  lacustrine  deposits.  Having  been  saturated  and  washed 
by  the  waters  of  Lake  Agassiz,  the  upper  zone  of  the  till  immediately  under  the 
lacustrine  sediments  is  generally  softer.  The  glacial  till  was  penetrated  by 
borings  for  the  project  in  nearby  Fargo-Moorhead.  Borings  taken  in  West  Fargo 
did  not  reach  the  till. 

Levees  and  Channels 

The  flood  barrier  will  confine  the  diversion  channel  through  the 
city  of  West  Fargo  and  protect  the  city  from  overland  flows  where  other 
barriers,  such  as  the  freeway  embankment  and  railroad  embankments,  do  not. 
Approximately  42,000  lineal  feet  of  impervious  levee  will  parallel  the  diversion 
channel.  All  levees  will  have  a  minimum  of  a  10-foot  top  width  and  IV  on  3H 
side  slopes.  Greater  top  widths  may  be  used  to  spoil  excess  excavation  should 
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this  be  necessary. 


The  diversion  through  West  Fargo  will  for  the  most  part  follow  County  Drain 
21  for  6,000  of  the  21,000-foot  length.  It  will  have  a  55-foot  bottom  width 
with  IV  on  3 H  side  slopes  rising  to  a  berm  not  more  than  16.5  feet  higher 
than  the  channel  bottom.  The  diversion  channel  from  Horace  to  West  Fargo 
will  be  shallow  and  very  wide  with  very  low  velocities. 

Structures 

Closure  structures  will  consist  of  gated  large-diameter  culverts  passing 
through  an  earth  embankment.  These  structures  will  most  probably  be  founded 
on  fluvial  soils  where  settlement  could  be  a  concern.  For  this  reason  they 
are  presently  planned  to  be  located  far  enough  from  bridges  and  other  structures 
to  prevent  inducing  damages.  Should  stability  prove  a  concern  in  future  studies, 
berms  may  be  extended  upstream  and  downstream. 

Flood  Emergency  Levees 

During  the  floods  of  1969,  1975,  1978  and  1979  emergency  levees  were  built, 
or  raised,  mostly  along  the  banks  of  the  Sheyenne  River  to  protect  the  city  of 
West  Fargo.  Some  of  these  levees  were  originally  built  using  sandbags  but  raised 
to  final  grade  with  clay  placed  over  the  sandbags  by  equipment.  Portions  of 
these  have  since  been  removed.  Other  emergency  levees  were  built  to  protect 
from  overland  flows.  These  were  constructed  of  clay.  Although  at  the  time  of 
this  writing  no  firm  alignment  has  been  selected,  it  is  not  anticipated  that 
new  construction  will  parallel  the  existing  emergency  works. 
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Engineering  Characteristics  of  the  Lake  Agassiz  Deposits 

Within  the  last  half  century  the  Red  River  Valley  has  witnessed  many 
foundation  failures.  Although  the  most  famous  of  these  failures  is  the 
Transcona  Grain  Elevator  near  Winnipeg,  serious  problems  have  occurred  during 
construction  of  all  types  of  structures,  including  buildings,  bridges,  and 
levees.  Evidence  of  distress  is  almost  invariably  noticed  during  or  immediately 
following  construction.  Experience  has  shown  that  in  almost  all  cases  the 
problems  can  be  traced  to  a  deposit  of  slickensided  lacustrine  clay  of  vary¬ 
ing  thickness.  This  layer  characteristically  has  high  liquid  limits,  ranging 
from  70  to  130  and  moisture  contents  ranging  from  50  to  80  percent.  Although 
this  deposit  (lower  lacustrine)  has  an  overconsolidation  ratio  of  2  to  3,  there 
is  no  geologic  evidence  to  indicate  that  this  deposit  has  ever  been  subjected 
to  a  load  much  in  excess  of  the  present  overburden  pressure.  The  high  over¬ 
consolidation  ratios,  therefore,  are  probably  caused  by  desiccation  and  by 
the  highly  active  mineral  constituents  of  the  deposit  and  the  ability  of  these 
minerals  to  form  diagenetic  bonds.  Of  great  importance  is  the  fact  that  the 
results  of  laboratory  shear  strength  tests  on  undisturbed  samples  from  this 
deposit  do  not  necessarily  correspond  to  actual  in-place  field  performance. 
Research  done  by  Hill  and  Rutledge1  indicate  a  definite  decrease  in  laboratory 
shear  strength  with  increasing  sample  size.  One  reason  for  the  descrepancy 

between  the  laboratory  results  and  the  in-situ  performance  is  the  brittld  nature 
of  stress-strain  characteristics  of  the  material.  Undrained  shear  tests  on 
samples  for  this  deposit  characteristically  have  peak  strengths  at  very  low 
strains  with  large  postpeak  decrease  in  strength.  It  is  felt  that  these  peak 
strengths  may  be  a  laboratory  phenomenon  induced  by  rapid  loading  rates. 
Triaxial  testing  of  the  lower  unit  from  Pembina,  North  Dakota,  in  1968  and  1975 
has  shown  that  a  reduction  of  strain  rate  from  2%  to  1%  reduced  peak  strengths 
by  almost  half.  Tests  performed  at  a  strain  rate  of  1%  generally  did  not  show 
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nearly  as  much  reduction  in  postpeak  strength.  It  is  believed  that  the  faster 
strain  rate  does  not  allow  sufficient  time  for  realistic  pore  pressure  and  strain 
distribution  within  the  sample  and  probably  results  in  an  unrealistically  high 
peak  strength.  Postpeak  strengths  were  not  considered  during  testing  and  analy¬ 
sis  at  the  nearby  Fargo-Moorhead  project  and  this  data  is  of  marginal  value 
for  projections  at  West  Fargo.  This  brittle  characteristic  is  often  not  found 
in  the  upper  lacustrine  unit  and  great  strains  are  often  needed  to  reach  maximum 
strength.  A  portion  of  the  problem  in  determining  in-situ  strengths  may,  there¬ 
fore,  be  complicated  by  noncompatible  stress-strain  characteristics  within  the 
design  section.  In  any  case,  the  design  of  structures  founded  on  the  Lake 
Agassiz  deposits  must  rely  at  least  as  heavily  on  the  history  of  performance 
as  on  the  values  obtained  from  laboratory  testing. 

Shear  Strength  Parameters 

There  are  numerous  problems  in  determining  realistic  shear  strength  para¬ 
meters  for  the  slickensided  Lake  Agassiz  deposits.  Experience  indicates 
the  use  of  peak  strength  as  the  basis  for  design  would  not  provide  realistic 
or  conservative  results.  Recent  articles  in  various  technical  publications 
have  dealt  with  the  stability  of  slopes  in  deposits  similar  to  Lake  Agassiz 
deposits.  Skempton ^  and  others  have  explored  the  use  of  the  residual  soils 
strength  in  investigating  the  stability  of  slopes  in  overconsolidated  fissured 
deposits  and  have  found  that  failures  have  often  occurred  at  stresses  that 
approach  but  never  fall  below  the  residual  strength.  No  residual  strength 
tests  have  ever  been  performed  in  these  deposits,  though  work  softened  strength 
were  utilized  in  the  Pembina,  North  Dakota,  project.  No  shear  strength  testing 
was  accomplished  for  this  project,  but  will  be  accomplished  in  phase  II  studies 
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to  provide  a  basis  for  soil  strength  parameters  used  for  this  study. 

The  lacustrine  nature  of  deposits  found  in  the  Red  River  Valley  suggests 
that  samples  from  the  same  strata  at  different  locations  should  have  similar 
properties.  This  has  been  shown  to  be  true  for  Lake  Agassiz  deposits  in 
studies  done  by  J.  F.  Rominger  P.  C.  Rutledge  and  Hibbert  Hill*.  In  this 
same  study,  shear  strengths  were  determined  on  the  estimated  location  of  failure 
planes  at  various  locations  in  the  Lake  Agassiz  region.  They  found  in-situ 
strengths  to  be  as  low  as  300  psf.  In  our  own  work  we  have  back-calculated 
shear  strengths  along  existing  shear  planes  at  Oslo,  Minnesota  (located  by 
visual  observation  and  slope  indicators),  and  found  comparable  results.  Using 
the  same  section  where  failure  has  occurred  and  assuming  homogeneous  properties 
within  each  unit  results  in  minimum  calculated  factors  of  safety  on  arcs  located 
much  landward  of  observed  failure  planes  (usually  extending  beyond  the  meander 
belt),  and  high  shear  strengths  required  for  equilibrium.  This  indicates  a 
considerable  variation  in  strength  with  the  history  of  disturbance  as  the 
materials  within  the  meander  belt  are  laced  with  old  slides  formed  when  the 
river  cut  into  the  old  lake  bed.  Back-calculations  were  performed  on  four  sections 
from  various  locations  in  the  Lake  Agassiz  region.  This  was  accomplished  by 
assuming  a  range  of  shear  strengths  for  the  upper  lacustrine  unit  and  adjusting 
the  strength  of  the  lower  lacustrine  unit  until  unity  was  reached.  No  attempt 
to  follow  the  true  failure  surface  was  made  and  homogeneity  within  each  unit 
was  assumed.  The  result  was  a  strength  relationship,  shown  on  plate  K-8.  The 
resultant  strengths  represent  in-situ  strengths  weighted  for  the  effects  of 
disturbance  (work  softening),  incompatible  strains  and  other  effects  hypothesized 


and  unknown. 


It  is  this  chart  with  the  data  presented  on  plate  K-7  that  was  used  to  choose  a 
design  strength  of  875  psf  for  the  upper  laucstrine  unit  and  450  psf  for  the  lower 
lacustrine  unit  at  West  Fargo. 


Stability  Analysis 

Slope  instability  in  Lake  Agassiz  deposits  is  generally  slow  to  develop  and  slopes 
display  noticeable  cracking  before  generally  modest  displacements.  Movement  most 
often  occurs  during  construction  or  in  the  late  summer  and  early  fall.  Riverbank 
and  diversion  channels  are  most  stable  during  high  water. 

Slope  stability  for  the  West  Fargo  diversion  channel  was  analyzed  using  a 
computer  program  applying  the  modified  Swedish  method  as  presented  in  EM  1110- 
2-1902,  1  April  1970.  The  end  of  construction  condition  was  evaluated.  The 
impervious  nature  of  soils  in  the  area  and  slow  recession  of  floods  minimizes 
any  chance  of  failure  caused  by  sudden  drawdown. 


Stability  analysis  was  performed  on  a  typical  section  illustrated  on  plate 
K-5.  The  16-foot  maximum  cut  represents  the  greatest  that  may  be  made  and  ensure 
stability  (F.S.=1.3)  of  the  berm.  During  the  course  of  construction  various  ma¬ 
terial  disposal  options  were  taken  into  consideration  by  analysis  of  the  effects 
of  using  oversized  levees  for  disposal  of  excess  material.  The  chart  of  plate  K-5 
shows  that  widening  the  levees  necessitates  the  use  of  much  wider  berms.  The  geologic 
column  for  the  critical  section  was  a  composite  of  the  three  borings.  This  appeared 

to  be  the  most  pragmatic  option  at  this  time.  In  the  detailed  study  phases  more  sub¬ 
surface  exploration  will  be  accomplished  because  the  upper  lacustrine  unit  is  of  higher 
plasticity  and  appears  more  slickensided  than  at  other  project  locations  tested  in 
the  Red  River  Valley  (see  plate  K-7).  The  unit  boundaries  were  difficult  to  deter- 
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mine  and  it  was  terminated  at  elevation  886.  No  boring  at  the  site  extended  to 
till,  as  a  result  no  lower  limit  was  placed  on  the  lower  lacustrine  unit.  Plate  K-6 
shows  the  critical  arc,  with  force  polygon  and  a  tabulation  of  data  for  the  10-foot 
levee  top  width  option.  The  factor  of  safety  against  sliding  for  this  arc  was  com¬ 
puted  to  be  1.33. 


Settlement 

The  low  height  of  levees  will  preclude  significant  settlement  resulting  from  con¬ 
struction  of  levees.  Experience  and  practice  indicates  that  levees  less  than 
15  feet  high  founded  on  the  lacustrine  soils  of  Lake  Agassiz  do  not  warrant 
settlement  calculations  and  do  not  settle  significantly.  This  is  caused  by  the 
overconsolidated  nature  of  the  lacustrine  soils.  Fluvial  soils  are  less  likely  to 
be  overconsolidated  and  are  generally  found  within  meander  belts  where  higher 
barriers  are  usually  needed.  Settlement  may  be  a  problem  in  these  soils.  No 
borings  are  located  at  any  proposed  site  for  the  closure  structures.  Very 
thorough  investigations  must  be  made  in  more  detailed  studies  as  it  is  probable 
that  the  closure  structures  will  be  founded  on  fluvial  deposits. 

Seepage 

The  impervious  foundation  soils  and  the  use  of  impervious  levee  will  pre¬ 
clude  seepage  under  or  through  the  levee  or  closure  structures. 


Slope  Protection 

Most  of  the  diversion  channel  will  be  excavated  in  the  in-situ  fat  clays 
that  have  proven  to  resist  erosion  at  other  sites  in  the  region  including  the 
existing  County  Drain  21.  The  channel  sideslopes,  berm  and  levees  will  be 
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topsoiled  and  seeded  since  these  areas  will  not  be  subjected  to  high  velo¬ 
cities.  Riprap  or  gabion  baskets  will  be  used  at  the  inlet  and  outlet  of  the 
diversion  channel  where  higher  turbulence  can  be  expected,  and  where  fluvial 
deposits  may  exist. 

Foundation  Preparation 

All  trees  and  large  vegatation  within  the  limits  of  construction  would 
be  grubbed  and  cleared.  All  natural  ground  in  the  cut  and  fill  areas  will  be 
stripped  to  a  depth  of  6  inches. 

Instrumentation 

Permanently  monumented  survey  sections  will  be  established  on  the  closure 
structures  and  at  selected  locations  on  the  diversion  channel.  These  will  be 
used  to  monitor  settlement  and  creep  should  unexpected  or  unforeseen  events 
occur. 


Sources  of  Construction  Materials 

Construction  materials  for  the  proposed  project  consist  of  impervious 
fill,  concrete  aggregate,  riprap  and  bedding.  An  abundance  of  impervious  fill 
will  be  provided  by  channel  excavation  of  lacustrine  and  fluvial  deposits. 

Material  for  riprap,  bedding  and  concrete  aggregate  must  be  obtained  from 
glacial  moraines,  lake-washed  till  and  beach  deposits  along  the  margin  of  former 
glacial  Lake  Agassiz.  These  materials  were  used  in  the  nearby  Fargo-Moorhead  flood 
control  project  have  weathered  well  in  almost  20  years  of  service. 


Future  Study 

The  data  available  for  this  study  was  very  limited. 


For  future  studies 
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detailed  subsurface  exploration  will  be  necessary  along  the  diversion  channels 
and  at  proposed  structure  locations.  The  following  is  a  listing  of  the  geo¬ 
technical  needs  and  recommendations  for  further  study: 

1.  Channel  cut-slopes  have  been  a  problem  on  some  projects  in  the  Red 
River  Valley.  Where  silt  laminae  are  prominent,  face  sloughing  problems  may 
require  that  the  side  slopes  be  flattened  to  IV  on  5H.  A  careful  and  detailed 
investigation  of  County  Drain  21  and  projects  in  the  area  where  cut  slopes  have 
and  have  not  been  stable  is  needed  to  augment  information  which  will  be  obtained 
from  further  soils  testing. 

2.  The  upper  lacustrine  unit  contains  more  slickensides  and  has  higher 
Atterberg  limits  than  is  common  in  other  parts  of  the  region.  Further  testing 
to  determine  the  in-situ  mechanical  and  strength  properties  of  the  lower  part 
of  this  deposit  is  needed. 

3.  Because  of  the  size  of  the  project  and  relative  uncertainty  of  analysis 
and  of  cut-slopes  in  Lake  Agassiz  clays,  consideration  should  be  given  to 
construction  and  analysis  of  a  full-scale  test  slope  at  the  site.  This  may 

be  the  only  way  of  taking  into  account  the  uncertainties  that  cannot  be  un¬ 
covered  with  laboratory  testing  of  these  deposits. 

1.  Hibbert  Hill  and  P.C.  Rutledge,  unpublished, "Earth  Movements  in  the  Red  River 

Valley  of  the  North." 

2.  J.F.  Rominger  and  P.C.  Rutledge,  Journal  of  Geology,  V.  60,  no.  2,  p  160-180, 

"Use  of  Soil  Mechanics  Data  in  Correlation  and  Interpretation  of  Lake  Agassiz  Sediments." 

3.  A.W.  Skempton  D.  Sc., "Long  Term  Stability  of  Clay"  Geotechnique  1964.  14:2:77-101. 
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APPENDIX  L 


FLOOD  DAMAGE  REDUCTION  ALTERNATIVES 
INTRODUCTION 

The  flood  damage  reduction  alternatives  presented  in  this  appendix 
constitute  all  of  the  basic  alternatives  evaluated  for  reducing  flood 
damages  in  the  Sheyenne  River  basin.  The  alternatives  are  measures 
which,  at  appropriate  levels  of  development  and  in  appropriate  combina¬ 
tions,  might  provide  workable  plans.  The  list  of  alternatives  was 
developed  from  past  studies  of  the  Sheyenne  River  completed  by  Federal 
and  State  interests,  public  meetings  and  workshops  which  discussed  the 
flooding  problems,  and  current  evaluations  of  flood  problems.  The  alter¬ 
natives  are  presented  in  two  general  classifications:  those  considered 
but  dropped  and  those  considered  appropriate  for  implementation. 

The  detailed  description  and  data  concerning  each  alternative  are 
included:  however,  the  combination  of  the  alternatives  and  the  rationale 
for  keeping  or  dropping  each  alternative  are  found  in  Appendix  M, 

Plan  Formulation. 

The  information  presented  Is  based  on  each  alternative  working 
independently  and  is  meant  to  indicate  where  the  alternative  would  be 
effective  and  how  effective  it  would  be  compared  with  the  other  alter¬ 
natives.  However,  the  overall  effectiveness  of  an  alternative  can  be 
measured  only  when  that  alternative  is  considered  as  part  of  a  plan. 

The  plans  are  discussed  in  Appendix  M,  Plan  Formulation.  For  identifi¬ 
cation  purposes,  the  locations  of  diversions,  dams,  and  other  alternatives 
are  listed  by  river  mile  above  the  mouth.  For  example,  Cooperstown  Dam 
is  listed  as  M-320,  which  indicates  it  is  located  at  river  mile  320 
on  the  main  stem  of  the  Sheyenne  River.  For  tributary  dams,  the  location 
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of  the  tributary  is  given,  as  in  Spring  Coulee  Dam  T-393,  which  indi¬ 
cates  that  the  dam  is  located  on  the  Spring  Coulee  and  that  Spring 
Coulee  joins  the  Sheyenne  River  393  river  miles  above  its  mouth. 


ALTERNATIVES  DROPPED  AT  THE  FIRST  CUT 

The  alternatives  presented  in  this  section  were  considered  at  the 
initial  level  of  evaluation  but  were  dropped  during  the  first  cut  of 
alternatives  in  February  1978.  The  data  and  information  compiled  are 
preliminary.  The  costs  and  benefits  are  at  October  1977  levels.  If 
the  costs  and/or  benefits  for  these  alternatives  are  to  be  compared  with 
those  for  alternatives  presented  elsewhere  in  the  report,  the  figures 
should  be  updated  to  a  comparable  price  level. 

LEVEES 


Valley  City 

This  alternative  would  consist  of  intermittent  levees  and  floodwalls 
flanking  the  Sheyenne  River  through  Valley  City.  The  levees  and  flood- 
walls  would  be  on  both  sides  of  the  river  and  would  be  designed  to  protect 
from  the  1-percent  chance  flood  with  3  feet  of  freeboard.  About  2  miles 
of  concrete  floodwall  and  3  miles  of  earthen  levee  would  be  required,  as 
well  as  interior  drainage  facilities,  raising  and/or  replacing  bridges, 
and  relocating  streets  and  utilities.  The  first  cost  of  $15  to  $25 
million  with  the  total  average  annual  benefits  of  $800,000  resulted  in  a 
benefit-cost  ratio  of  0.5.  This  alternative  would  reduce  total  flood 
damages  at  Valley  City  by  70  percent. 

Lisbon 

A  levee  system  would  protect  Lisbon,  North  Dakota,  from  Sheyenne 
River  floods.  The  earthen  levee  would  be  in  three  sections  having  a 
total  length  of  about  2  miles.  The  main  segment  would  parallel  the 
Sheyenne  River  on  the  east  as  it  goes  through  town.  A  short  section  of 
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floodwall  and  interior  drainage  facilities  would  be  required.  The  levee 
would  be  designed  to  protect  from  the  1-percent  chance  flood  with  3  feet 
of  freeboard.  The  first  cost  of  $2  to  $4  million  and  total  average  an¬ 
nual  benefits  of  $100,000  resulted  in  a  benefit-cost  ratio  of  0.4.  This 
alternative  would  reduce  total  flood  damages  at  Lisbon  by  70  percent. 

Kindred 


A  short  stretch  of  levee  would  be  constructed  along  the  west  side  of 
the  Sheyenne  River  from  about  1  mile  upstream  of  the  Highway  46  crossing 
of  the  Sheyenne  River  to  about  1  mile  downstream.  These  2  miles  of  earthen 
levee  would  be  designed  to  contain  the  1-percent  chance  flood  with  3  feet 
of  freeboard  and  prevent  overtopping  and  flooding  of  Kindred.  The  first 
cost  was  $0.5  to  $1.5  million.  However,  no  total  average  annual  benefits 
could  be  estimated. 

Horace 


This  alternative  would  consist  of  an  earthen  levee  around  Horace. 

The  levee  would  be  designed  to  protect  from  the  1-percent  chance  flood 
with  3  feet  of  freeboard.  About  2  miles  of  levees,  interior  drainage, 
and  closure  structures  would  be  required  at  road  and  railroad  crossings. 

The  first  cost  of  $5  to  $8  million  and  the  total  average  annual  benefits  of 
$160,000  resulted  in  a  benefit-cost  ratio  of  0.3.  This  alternative  would 
reduce  flood  damages  at  Horace  by  about  70  percent. 

West  Fargo 

The  three  major  portions  of  West  Fargo  would  be  protected  by  earthen 
levees  and  floodwalls.  One  section  of  levee  would  protect  the  main  sec¬ 
tion  of  town  east  of  the  Sheyenne  River.  The  second  section  would  protect 
that  part  of  the  city  between  the  Sheyenne  River  and  County  Drain  No.  21. 
The  third  section  would  protect  that  part  of  the  city  west  of  Drain  No.  21. 


\ 
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The  levee  would  be  designed  to  protect  from  the  1-percent  chance  flood 
with  3  feet  of  freeboard.  About  13  miles  of  earthen  levee  and  1  mile  of 
floodwall  would  be  required,  as  well  as  interior  drainage  facilities, 
raising  and/or  replacing  of  bridges,  and  closure  structures  at  railroad 
and  highway  crossings.  The  first  cost  of  $15  to  $25  million  and  total 
average  annual  benefits  of  $2,200,000  resulted  in  a  benefit-cost  ratio 
of  1.6.  This  alternative  would  reduce  total  flood  damages  at  West  Fargo 
by  80  percent. 

Kindred  to  Horace 

This  alternative  would  consist  of  levees  on  both  sides  of  the  Sheyenne 
River  from  near  the  Highway  46  crossing  of  the  Sheyenne  River  to  just 
upstream  of  Horace.  The  levees  could  be  located  near  the  river  or  set 
back  from  the  river  to  minimize  disruption  of  the  wooded  corridor.  The 
total  length  of  levees  would  be  about  32  miles,  about  16  miles  on  each 
side  of  the  river.  The  levees  would  be  designed  to  protect  from  the  2- 
percent  chance  flood  without  freeboard.  The  confining  effect  of  the  levees 
in  this  reach  would  prevent  break-out  overflows  to  the  Red  River  of  the 
North  and  would  send  more  water  into  the  Horace-West  Fargo  area  raising 
flood  stages  in  this  reach.  This  effect  could  become  especially  pronounced 
for  floods  larger  than  the  2-percent  chance  flood.  For  that  reason,  the 
levee  heights  would  be  limited  in  this  reach.  The  first  cost  of  $6  to 
$12  million  and  total  average  annual  benefits  of  $250,000  resulted  in  a 
benefit-cost  ratio  of  0.4. 

Harwood  to  the  Red  River  of  the  North 

Levees  would  be  built  on  both  sides  of  the  Sheyenne  River  from  the 
1-29  crossing  of  the  Sheyenne  River  to  the  mouth,  including  tie-back  levees 
to  prevent  flooding  of  the  protected  area  from  Harwood  Slough,  the  Red 
River  of  the  Nortl  ,  and  Cass  County  Drain  No.  13.  About  26  miles  of 
levees  would  be  involved.  The  levees  would  protect  from  the  1-  to  2-per¬ 
cent  chance  floods  with  freeboard.  These  levees  would  have  to  be  set  back 


some  distance  from  the  riverbank  so  that  they  would  not  significantly 
affect  flood  stages  upstream  or  downstream.  The  first  cost  of  $5  to 
$10  million  and  total  average  annual  benefits  of  $110,000  resulted  in 
a  benfit-cost  ratio  of  0.2. 

DIVERSIONS 

Sheyenne  River 

M-19  to  RRN  (Harwood  Slough)  -  This  alternative  would  consist  of  a 
flood  diversion  channel  to  protect  the  lower  reaches  of  the  Sheyenne  River 
downstream  of  the  confluence  with  the  Maple  River.  The  channel  would 
start  just  downstream  of  the  mouth  of  the  Maple  River  in  Section  18  of 
Reed  Township,  proceed  east  and  north  along  the  alignment  of  Harwood 
Slough,  and  join  the  Red  River  of  the  North  in  Section  25  of  Harwood 
Township  about  2  miles  south  of  the  confluence  of  the  Sheyenne  River  and 
the  Red  River  of  the  North. 

The  diversion  would  reduce  water  surface  levels  in  the  Harwood 
area  for  floods  of  a  magnitude  in  excess  of  about  the  10  percent  chance 
flood.  The  channel  would  be  about  7  miles  long  and  designed  to  pass 
about  3,000  cfs  (cubic  feet  per  second). 

The  first  cost  of  $8  to  $14  million  and  total  average  annual  benefits 
of  $100,000  resulted  in  a  benefit-cost  ratio  of  0.1. 

M-33  to  RHN  -  A  flood  diversion  channel  would  reduce  flood  stages 
along  the  Sheyenne  River  from  about  3  miles  south  of  West  Fargo  to  the 
Harwood  area.  The  diversion  channel  would  start  in  Section  29  of  Barnes 
Township  about  3  miles  south  of  West  Fargo  and  run  east  for  about  5  miles 
to  Rose  Coulee,  joining  the  Red  River  of  the  North  in  Section  36  of  Barnes 
Township  about  2  miles  south  of  the  1-94  crossing  of  the  Red  River  of  the 
North. 


The  channel  would  be  designed  to  pass  about  1,000  cfs,  substantially 
reducing  stages  up  to  about  1-  to  2-percent  chance  floods.  The  diversion 
would  be  operated  so  as  not  to  increase  peak  flood  levels  along  the  Red 
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River  of  the  North.  Generally,  this  diversion  could  only  be  operated 
during  the  second  flood  peak  on  the  Sheyenne  River.  The  first  cost  of 
$4  to  $7  million  and  total  average  annual  benefits  of  $1.6  million 
resulted  in  a  benefit -cost  ratio  of  3.8. 

M-35  to  RRN  -  A  flood  diversion  channel  would  reduce  flood  stages 
along  the  Sheyenne  River  from  about  4  miles  south  of  West  Fargo  to  the 
Harwood  area.  The  diversion  channel  would  start  in  Section  5  of  Stanley 
Township  and  follow  the  alignment  of  the  Sheyenne  Diversion  to  Rose  Coulee, 
joining  the  Red  River  of  the  North  in  Section  36  of  Barnes  Township,  about 
2  miles  south  of  the  1-94  crossing  of  the  Red  River  of  the  North. 

The  diversion  channel  would  pass  about  2,000  cfs  which  could  sub¬ 
stantially  reduce  stages  to  about  the  1-  to  2-percent  chance  floods. 

The  diversion  could  be  operated  so  as  not  to  increase  peak  flood  levels 
along  the  Red  River.  Generally,  this  diversion  could  only  be  operated 
during  the  second  flood  peak  on  the  Sheyenne  River.  The  first  cost  of 
$5  to  $8  million  and  total  average  annual  benefits  of  $1.6  million 
resulted  in  a  benefit -cost  ratio  of  3.2. 

M-138  to  Wild  Rice  River  -  This  alternative  would  consist  of  a  diver¬ 
sion  of  floodwaters  from  the  Sheyenne  River  east  of  Lisbon  to  the  Wild 
Rice  River  west  of  Wyndmere.  Implementation  of  this  diversion  requires 
crossing  the  drainage  divide  between  the  two  rivers  which  is  about  40  feet 
above  the  level  of  the  Sheyenne  River  at  that  point.  A  dam  across  the 
Sheyenne  River  in  conjunction  with  a  gravity  flow  diversion  channel  would 
be  required.  The  dam  would  be  located  near  Strong  Memorial  Park  (see 
description  of  Strong  Memorial  Park  Dam  (M-138)).  The  diversion  channel 
would  start  in  Section  32  of  Scoville  Township  and  proceed  southeast  for 
about  17  miles  to  join  the  Wild  Rice  River  in  Section  26  of  Hall  Township. 

The  bottom  of  the  flood  diversion  channel  would  start  at  about 
elevation  1055  near  the  Sheyenne  River  and  end  at  an  elevation  of  about 
1050  at  the  Wild  Rice  River.  The  channel  would  be  designed  to  pass  about 
3,000  cfs.  The  channel  would  require  excavations  up  to  35  feet  deep. 
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Effects  of  the  diversion  on  flood  stages  along  the  Red  River  of  the 
North  should  be  insignificant;  however,  flood  stages  along  the  Wild 
Rice  River  could  be  increased  significantly.  The  first  cost  of  $30  to 
$35  million  and  total  average  annual  benefits  of  $1.5  million  resulted 
in  a  benefit-cost  ratio  of  0.5. 

M-150  to  James  River  -  Floodwaters  from  the  Sheyenne  River  south¬ 
east  of  Lisbon  would  be  diverted  to  the  Taayer  Reservoir  in  the  James 
River  drainage  basin.  Implementation  would  require  crossing  the  drainage 
divide  between  the  two  rivers  which  is  about  320  feet  above  the  level  of 
the  Sheyenne  River  at  that  point.  A  small,  low-head  dam  across  the 
Sheyenne  River,  a  dam  on  Dead  Colt  Creet,  a  series  of  pumping  stations, 
and  diversion  channels  would  be  required.  The  diversion  channel  would 
start  in  Section  7  of  Aliceton  Township  at  the  upper  end  of  the  Dead  Colt 
Creek  Dam  (T-150)  pool  and  run  about  20  miles  southwest  to  join  the  Taayer 
Reservoir  about  8  miles  east  of  Oakes. 

The  amount  of  water  diverted  into  the  Taayer  Reservoir  would  depend 
on  the  storage  capacity  available  in  the  reservoir  for  each  flood.  Opera¬ 
tion  of  the  diversion  would  have  to  be  coordinated  with  the  Bureau  of 
Reclamation.  The  channel  and  pumps  would  be  sized  to  handle  a  flow  of 
2,000  cfs.  The  first  cost  of  $60  to  $100  million  and  total  average  annual 
benefits  of  $1.1  million  resulted  in  a  benefit-cost  ratio  of  0.2. 

M-155  to  James  River  -  Floodwaters  from  the  Sheyenne  River  south  of 
Lisbon  would  be  diverted  to  the  James  River  via  Bear  Creek.  Implementation 
would  require  crossing  the  drainage  divide  between  the  two  rivers  which  is 
about  300  feet  above  the  level  of  the  Sheyenne  River  at  that  point.  A 
small  low-head  dam  across  the  Sheyenne  River,  a  series  of  pumping  stations, 
and  diversion  channels  would  be  required.  The  diversion  channel  would 
start  in  Section  26  of  Island  Park  Township  and  proceed  southwest  for 
about  20  miles  to  Bear  Creek. 

The  channel  and  pumps  would  be  sized  to  handle  a  flow  of  2,000  cfs. 
However,  the  effects  of  the  diversion  on  flood  stages  along  Bear  Creek 
and  the  James  River  have  not  been  analyzed.  The  first  cost  of  $60  to  $100 
million  and  total  average  annual  benefits  of  $1.1  million  resulted  in  a 
benefit-cost  ratio  of  0.2. 
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M-190  to  James  River  -  This  alternative  would  consist  of  a  diver¬ 
sion  from  the  Sheyenne  River  at  Fort  Ransom  to  the  James  River  via  Bear 
Creek.  Implementation  would  require  crossing  the  drainage  divide  be¬ 
tween  the  two  rivers  which  is  about  220  feet  above  the  level  of  the 
Sheyenne  River  at  that  point.  A  low-head  dam  across  the  Sheyenne  River, 
a  series  of  pumping  stations,  and  diversion  channels  would  be  required. 

The  diversion  channel  would  start  in  Section  11  of  Fort  Ransom  Township 
and  proceed  southwest  for  about  11  miles  to  join  Bear  Creek  near  Highway  27. 

The  channel  and  pumps  would  be  sized  to  handle  a  flow  of  about  2,000 
cfs.  The  effects  of  this  diversion  on  flood  stages  along  Bear  Creek  and 
the  James  River  haw  not  been  analyzed.  The  first  cost  of  $40  to  $60 
million  and  total  average  annual  benefits  of  $1.1  million  resulted  in 
a  benefit-cost  ratio  of  0.3. 

H-195  to  James  River  -  Floodwaters  from  the  Sheyenne  River  just  up¬ 
stream  of  Fort  Ransom  would  be  diverted  to  the  James  River  via  Bear  Creek. 
Implementation  would  require  crossing  the  drainage  divide  between  the 
two  rivers  which  is  about  300  feet  above  the  level  of  the  Sheyenne  River 
at  that  point.  A  low-head  dam  across  the  Sheyenne  River  and  a  series 
of  pumping  stations  and  diversions  would  be  required.  The  diversion 
channel  would  start  in  Section  32  of  Northland  Township  and  proceed  west 
for  about  3-1/2  miles  to  join  Bear  Creek  in  Section  32  of  Northland 
Township . 

The  channel  and  pumps  would  be  sized  to  handle  a  flow  of  about 
2,000  cfs.  The  effects  of  this  diversion  on  flood  stages  along  Bear 
Creek  and  the  James  River  have  not  been  analyzed.  The  first  cost  of 
$30  to  $50  million  and  total  average  annual  benefits  of  $1.1  million 
resulted  in  a  benefit-cost  ratio  of  0.4. 
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Maple  River  (M-104)  to  Sheyenne  River 

This  alternative  would  consist  of  a  diversion  of  floodwaters  from 
the  Maple  River  just  upstream  of  Enderlin  to  the  Sheyenne  River  just 
upstream  of  Lisbon.  This  diversion  would  cross  the  drainage  divide 
between  the  Maple  and  Sheyenne  Rivers  which  is  about  120  feet  above  the 
level  of  the  Maple  River.  The  diversion  would  follow  a  natural  valley 
between  the  two  rivers.  A  dam  on  the  Maple  River  plus  a  series  of  pump¬ 
ing  stations  and  channels  would  be  required.  The  channel  could  be  de¬ 
signed  for  2,000  cfs.  This  diversion  would  adversely  affect  flood  stages 
in  the  Lisbon  area  and  potentially  even  farther  downstream  on  the  Sheyenne 
River  unless  it  were  used  in  conjunction  with  other  major  flood  diver¬ 
sions  from  the  Sheyenne  River  to  another  river.  The  first  cost  was  $40 
to  $80  million.  However,  no  total  average  annual  benefits  could  be 
estimated. 

CHANNELIZATION:  MAPLE  RIVER  -  DURBIN  TO  MOUTH 

This  alternative  would  consist  of  enlargement  and  straightening  of 
the  Maple  River  channel  from  near  Durbin  at  about  river  mile  32  to  the 
mouth,  a  total  distance  of  about  19  miles.  The  length  of  the  river  would 
be  shortened  about  13  miles  by  the  cutoffs.  The  channel  would  be  designed 
to  pass  about  the  5-percent  chance  flow.  One  side-channel  excavation 
could  be  used  to  minimize  environmental  and  social  impacts. 

In  addition  to  reduced  flood  stages  along  the  lower  Maple  River,  the 
diversion  would  slightly  decrease  flood  stages  along  the  Sheyenne  River 
between  Harwood  and  West  Fargo  by  reducing  the  backwater  effects  of  the 
Maple  River.  The  first  cost  was  $5  to  $10  million.  However,  no  total 
average  annual  benefits  could  be  estimated. 
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DAMS 


Sheyenne  River  Main  Stem 

Highway  18  (M-86)  -  An  earth  fill  dam  would  be  located  at  about 
river  mile  86  on  the  Sheyenne  River,  about  1  mile  west  of  the  Highway  18 
crossing  of  the  Sheyenne  River  in  Section  36  of  Heneldale  Township.  The 
dam  would  be  operated  only  for  flood  control,  would  be  about  70  feet  high, 
and  would  have  nearly  the  maximum  storage  capacity  for  the  site.  The  de¬ 
sign  flood  pool  elevation  would  be  about  1015  with  the  top  of  the  dam 
elevation  at  about  1025.  The  flood  control  storage  would  be  about 
190,000  acre-feet.  The  total  area  affected  by  the  design  flood  pool 
would  be  about  9,000  acres.  About  32,000  acres  would  be  required  for 
purchase  in  fee  title:  about  11,000  acres  of  project  lands  and  21,000 
acres  of  mitigation  lands.  The  first  cost  of  $35  to  $45  million  and  total 
average  annual  benefits  of  $3.9  million  resulted  in  a  benefit-cost  ratio 
of  1.3. 

Larson's  Bridge  (M-110)  -  This  earth  fill  dam  would  be  located  at 
about  river  mile  110  on  the  Sheyenne  River,  about  5  miles  east  of  Anselm 
in  Section  8  of  Owego  Township.  The  dam  would  be  about  65  feet  high, 
have  near  the  maximum  storage  potential  of  the  site,  and  be  operated  for 
flood  control.  The  design  flood  pool  elevation  would  be  about  1045, 
with  the  top  of  dam  elevation  at  about  1055.  The  flood  control  storage 
would  be  about  90,000  acre-feet.  The  total  acreage  affected  by  the  de¬ 
sign  flood  pool  would  be  about  3,500  acres.  About  15,000  acres  would  be 
acquired  in  fee  title:  about  4,500  acres  of  project  lands  and  10,500 
acres  of  mitigation  lands.  The  first  cost  of  $25  to  $35  million  and 
total  average  annual  benefits  of  $2.4  million  resulted  in  a  benefit-cost 
ratio  of  1.0. 

Strong  Memorial  Park  (M-138)  -  This  earth  fill  dam  would  be  located  at 
about  river  mile  138  on  the  Sheyenne  River,  about  9  miles  east  of  Lisbon, 
about  1  mile  south  of  the  Highway  27  crossing  of  the  Sheyenne  River,  and 
in  Section  17  of  Scoville  Township.  The  dam  would  be  about  45  feet  high. 
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have  near  the  maximum  storage  potential  of  the  site,  and  be  operated  for 
flood  control.  The  design  flood  pool  elevation  would  be  about  1065, 
with  the  top  of  dam  elevation  about  1075.  The  flood  control  storage 
would  be  about  6,000  acre-feet.  The  total  acreage  affected  by  the  de¬ 
sign  flood  pool  would  be  about  1,600  acres.  About  6,000  acres  would  be 
acquired  in  fee  title:  about  2,500  acres  of  project  lands  and  3,500  acres 
of  mitigation  lands.  The  first  cost  would  be  $4  to  $10  million.  However, 
no  total  average  annual  benefits  could  be  estimated. 

Lisbon  (M-171)  -  This  earth  fill  dam  would  be  located  at  about  river 
mile  171  on  the  Sheyenne  River,  about  5  miles  northwest  of  Lisbon  in 
Section  30  of  Tuller  Township.  The  dam  would  be  about  95  feet  high  and 
operated  for  flood  control.  The  design  flood  pool  elevation  would  be 
about  1185,  with  the  top  of  dam  elevation  about  1195.  The  flood  control 
storage  would  be  about  330,000  acre-feet.  The  total  acreage  affected 
by  the  design  flood  pool  would  be  about  9,400  acres.  About  25,000  acres 
would  be  acquired  in  fee  title:  8,500  acres  of  project  lands  and  11,500 
acres  of  mitigation  lands.  The  maximum  potential  of  the  site  would  allow 
development  of  a  220-foot  high  dam  with  3,500,000  acre-feet  of  storage. 
However,  above  elevation  1200,  the  water  impounded  by  this  dam  would 
affect  Valley  City.  The  first  cost  of  $60  to  $80  million  and  total  aver¬ 
age  annual  benefits  of  $4.3  million  resulted  in  a  benefit-cost  ratio 
of  0.8. 

Fort  Ransom  (M-196)  -  This  earth  fill  dam  would  be  located  at  about 
river  mile  196  on  the  Sheyenne  River  about  2  miles  north  of  Fort  Ransom 
and  in  section  36  of  Northland  Township.  The  dam  would  be  about  80  feet 
high  and  operated  for  flood  control.  The  design  flood  pool  elevation  would 
be  about  1200,  with  the. top  of  dam  elevation  about  1210.  The  flood  con¬ 
trol  storage  would  be  about  180,000  acre-feet.  The  total  area  affected 
by  the  design  flood  pool  would  be  about  7,000  acres.  About  20,000  acres 
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would  be  acquired  in  fee  title:  about  8,5QQ  acres  of  project  lands  and 
11,500  acres  of  mitigation  lands.  The  maximum  potential  of  the  site 
would  allow  development  of  a  220-foot  high  dam  with  3,500,000  acre-feet 
of  storage.  However,  above  elevation  1220,  the  water  impounded  by  this 
dam  would  affect  Valley  City.  The  first  cost  of  $50  to  $60  million 
and  total  average  annual  benefits  of  $3.4  million  resulted  in  a  benefit- 
cost  ratio  of  0.8. 

Cooperstown  (M-320)  -  This  earth  fill  dam  would  be  located  in  Section 
13  of  Washburn  Township  at  about  river  mile  320  on  the  Sheyenne  River  about 
4  miles  east  of  Copperstown  and  2  miles  north  of  the  Highway  7  crossing  of 
the  Sheyenne  River.  It  would  be  about  60  feet  high  and  operated  for  flood 
control.  The  design  flood  pool  elevation  would  be  about  1340,  with  the 
top  of  dam  elevation  about  1350.  The  flood  control  storage  would  be 
290,000  acre-feet.  The  total  area  affected  by  the  design  flood  pool  would 
be  about  14,000  acres.  About  34,000  acres  would  be  acquired  in  fee  title: 
about  17,000  acres  of  project  lands  and  17,000  acres  of  mitigation  lands. 
The  maximum  potential  of  the  site  would  allow  development  of  a  150-foot 
high  dam  with  about  3,000,000  acre- feet  of  storage.  The  first  cost  of 
$40  to  $50  million  and  total  average  annual  benefits  of  $3.0  million  re¬ 
sulted  in  a  benefit-cost  ratio  of  0.9. 

Warwick  (M-418)  -  This  alternative  would  be  an  earth  fill  dam  at  about 
river  mile  418  on  the  Sheyenne  River  about  10  miles  southwest  of  Warwick 
in  Section  32  of  Hillsdale  Township.  The  dam  would  be  about  65  feet  high 
and  operated  for  flood  control.  The  design  flood  pool  elevation  would 
be  about  1450,  with  the  top  of  dam  elevation  about  1460.  The  flood  control 
storage  would  be  about  280,000  acre-feet.  The  total  area  affected  by  the 
design  flood  pool  would  be  about  13,000  acres.  About  24,000  acres  would 
be  acquired  in  fee  title:  about  16,000  acres  of  project  lands  and  8,000 
acres  of  mitigation  lands.  Maximum  potential  for  the  site  would  allow 
development  of  an  85-foot  high  dam  with  about  620,000  acre-feet  of  storage. 
The  first  cost  of  $35  to  $45  million  and  total  average  annual  benefits 
of  $1.3  million  resulted  in  a  benefit-cost  ratio  of  0.4. 


Sfaeyenne  River  Tributary 


T-83  -  This  60-foot-high  earth  fill  dam  would  be  located  on  a  tribu¬ 
tary  to  the  Sheyenne  River  at  about  river  mile  83.  The  tributary  enters 
the  Sheyenne  River  from  the  south  just  to  the  east  of  Highway  18.  The  dam 
would  be  located  in  Section  32  of  Barrie  Township. 

The  top  of  dam  elevation  would  be  about  1040  with  the  design  flood 
pool  elevation  about  1030.  About  2,900  acre-feet  of  flood  control  storage 
would  be  available,  with  the  design  flood  pool  affecting  about  200  acres. 

The  first  cost  was  $0.4  to  $0.8  million.  However,  only  small  local  bene¬ 
fits  near  Kindred  would  result. 

T-213  (Spring  Creek)  -  This  80-foot-high  earth  fill  dam  would  be 
located  on  Spring  Creek,  a  tributary  to  the  Sheyenne  River  at  about  river 
mile  213.  Spring  Creek  enters  the  Sheyenne  River  from  the  west  near  Kathryn. 
The  dam  would  be  located  in  Section  14  of  Oakhill  Township,  just  upstream  of 
Kathryn. 

The  top  of  dam  elevation  would  be  about  1290,  with  design  flood  pool 
elevation  at  1280.  About  20,000  acre-feet  of  flood  control  storage  would 
be  available.  The  design  flood  pool  would  affect  about  750  acres.  An  exten¬ 
sive  relocation  of  railroad  track  would  be  required  with  development  of  this 
site.  The  first  cost  was  $5  to  $6  million.  Only  local  benefits  near 
Kindred  would  result. 

T-268  -  A  115-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  at  about  river  mile  268.  The  tributary  enters  the 
Sheyenne  River  from  the  west.  The  dam  would  be  located  in  Section  14  of 
Stewart  Township  about  1  mile  southwest  of  Baldhill  Dam. 

The  top  of  dam  elevation  would  be  about  1375,  with  the  design  flood 
pool  elevation  about  1365.  About  10,000  acre-feet  of  flood  control  stor¬ 
age  would  be  available.  The  design  flood  pool  would  affect  about  330  acres. 
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Extensive  railroad  track  relocation  would  be  required  with  development  at 
this  site.  The  first  cost  was  $4  to  $5  million.  Only  minor  benefits  near 
Kindred  were  estimated. 

T-283  (Baldhill  Creek)  -  A  125-foot-high  earth  fill  dam  would  be  located 
on  Baldhill  Creek,  a  tributary  to  the  Sheyenne  River  and  Lake  Ashtabula  at 
about  river  mile  283.  Baldhill  Creek  enters  the  Sheyenne  River  and  Lake 
Ashtabula  from  the  west.  The  dam  would  be  located  in  Section  5  of  Ashtabula 
Township  about  8  miles  north  of  Baldhill  Dam. 

The  top  of  dam  elevation  would  be  about  1355  with  the  design  flood  pool 
elevation  about  1345.  About  60,000  acre— feet  would  be  available  for  flood 
control  storage.  The  design  flood  pool  would  affect  about  2,200  acres. 

This  site  is  the  most  downstream  site;  other  sites  are  available  at 
upstream  locations  with  slightly  reduced  storage  capacities  and  slightly 
different  impacts.  The  other  sites  include  a  site  in  Section  19  of  Sibley 
Traill  Township  about  3  miles  north  of  the  described  site.  The  first  cost 
was  $10  to  $15  million  with  the  main  flood  control  benefits  realized  at 
Valley  City.  No  benefit -cost  ratio  was  calculated. 

T-304  -  A  95-foot  high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  304.  This  tributary  enters  the  Sheyenne 
River  from  the  north.  The  dam  would  be  located  in  Section  13  of  Sverdrup 
Township  near  the  upper  end  of  Lake  Ashtabula  and  the  Griggs  and  Steele 
County  line. 

The  top  of  dam  elevation  would  be  about  1375,  with  the  design  flood 
pool  elevation  about  1365.  About  5,000  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control,  with  the  design  flood  pool  affecting  about  180  acres. 
The  first  cost  was  $0.5  to  $1.0  million.  However,  only  small  local  benefits 
near  Valley  City  would  be  realized. 


T-308  -  A  70-foot-high  earth  fill  dan  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  308.  This  tributary  enters  the 
Sheyenne  River  from  the  west.  The  dam  would  be  located  in  Sections  8 
and  17  of  Sverdrup  Township  about  4  miles  southeast  of  Cooperstown. 

The  top  of  dam  elevation  would  be  about  1380,  with  the  design  flood 
pool  elevation  about  1370.  About  7,000  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control.  The  design  flood  pool  would  affect  about  350  acres. 
The  first  cost  was  $1.0  to  $1.5  million.  However,  only  small  local  benefits 
near  Valley  City  would  result. 

T-321  -  This  90-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  321.  The  tributary  enters  the  Sheyenne 
River  from  the  east.  The  dam  would  be  located  in  Sections  13  and  24  of 
Washburn  Township  about  5  miles  east  of  Cooperstown. 

The  top  of  dam  elevation  would  be  about  1400,  with  a  design  flood 
pool  elevation  of  about  1390.  About  7,000  acre-feet  of  storage  would 
be  available  for  flood  control.  The  design  flood  pool  would  affect  about 
270  acres.  The  first  cost  was  $0.8  to  $1.2  million.  Only  small  local  bene¬ 
fits  near  Valley  City  would  result. 

T-334  (Pickerel  Lake  Creek)  -  This  45-foot-high  earth  fill  dam  would  be 
located  on  Pickerel  Lake  Creek,  a  tributary  to  the  Sheyenne  River  near  river 
mile  334.  The  creek  enters  the  Sheyenne  River  from  the  northeast.  The  dam 
would  be  located  in  Section  14  of  Romness  Township  about  8  miles  northeast  of 
Cooperstown. 

The  top  of  dam  elevation  would  be  about  1375,  with  the  design  flood  pool 
elevation  about  1365.  About  9,000  acre-feet  of  storage  would  be  available 
for  flood  control,  with  the  design  flood  pool  affecting  about  300  acres. 

The  first  cost  was  $0.8  to  $1.6  million.  However,  only  small  local  bene¬ 
fits  near  Valley  City  would  be  realized. 
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T-350  (Lake  Norway)  -  A  55-foot-high  earth  fill  dam  would  be  located 
on  a  tributary  to  the  Sheyenne  River  near  river  mile  350.  This  tributiry 
flows  eastward  from  Lake  Norway  and  enters  the  Sheyenne  River  from  the  west. 
The  dam  would  be  located  in  Sections  23  and  26  of  Pilot  Mound  Township  about 
10  miles  south  of  McVille. 

The  top  of  dam  elevation  would  be  about  1375,  with  the  design  flood 
pool  elevation  about  1365.  About  10,000  acre-feet  of  storage  would  be 
available  for  flood  control.  The  design  flood  pool  would  affect  about 
500  acres.  The  first  cost  was  $1.5  to  $2.5  million.  However,  only  small 
local  benefits  near  Valley  City  would  result. 

T-366  (Kloten)  -  This  90-foot-high  earth  fill  dam  would  be  located 
on  a  tributary  to  the  Sheyenne  River  near  river  mile  366.  The  tributary 
flows  into  the  Sheyenne  River  from  the  northeast.  The  dam  would  be  located 
in  Section  13  of  Nesheim  Township  about  3  miles  west  of  Kloten. 

The  top  of  dam  elevation  would  be  about  1450,  with  the  design  flood 
pool  elevation  about  1440.  About  4,100  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control,  with  the  design  flood  pool  affecting  about  140  acres 
The  first  cost  was  $0.8  to  $1.5  million.  However,  only  small  local  benefits 
near  Valley  City  would  result. 

T-367  (McVille  Coulee)  -  A  60-foot-high  earth  fill  dam  would  be  located 
on  McVille  Coulee,  a  tributary  to  the  Sheyenne  River  near  river  mile  367. 
McVille  Coulee  enters  the  Sheyenne  River  from  the  north.  The  dam  would 
be  located  in  Section  11  of  Nesheim  Township  about  2  miles  south  of  McVille. 

The  top  of  dam  elevation  would  be  about  1420  with  the  design  flood 
pool  elevation  about  1410.  About  7,000  acre-feet  of  storage  would  be 
available  for  flood  control,  with  the  design  flood  pool  affecting  about 
380  acres.  The  first  cost  was  $0.8  to  $1.5  million.  Only  small  local 
benefits  near  Valley  City  would  be  realized. 


T-393  -  A  65-foot-high,  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  393.  This  tributary  enters  the 
Sheyenne  River  from  the  south.  The  dam  would  be  located  in  Section  33 
of  Dayton  Township,  about  4  miles  southwest  of  Tolna. 

The  top  of  dam  elevation  would  be  about  1450  with  the  design  flood 
pool  elevation  about  1440.  About  900  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control.  The  design  flood  pool  would  affect  about  50 
acres.  The  first  cost  was  $0.4  to  $0.6  million.  Only  very  small  local 
benefits  at  Valley  City  would  result. 

T-416  (Robinson  Coulee)  -  A  75-foot-high  earth  fill  dam  would  be  located 
on  Robinson  Coulee,  a  tributary  to  the  Sheyenne  River  near  river  mile  416. 
Robinson  Coulee  enters  the  Sheyenne  River  from  the  south.  The  dam  would  be 
located  in  Section  4  of  Tiffany  Township  about  10  miles  southwest  of  Warwick. 

The  top  of  dam  elevation  would  be  about  1485,  with  the  design  flood 
pool  elevation  about  1475.  About  3,000  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control,  with  the  design  flood  pool  affecting  about  110  acres. 
The  first  cost  was  $0.6  to  $1.1  million.  Only  very  small  local  benefits  at 
Valley  City  would  be  realized. 

T-438  -  This  50-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  438.  The  tributary  enters  the  Sheyenne 
River  from  the  northwest.  The  dam  would  be  located  in  Section  35  of  Oberon 
Township  about  5  miles  west  of  Sheyenne. 

The  top  of  dsn  elevation  would  be  about  1490  with  the  design  flood  pool 
elevation  about  1480.  About  1,100  acre-feet  of  storage  would  be  available 
for  flood  control.  The  design  flood  pool  would  affect  about  80  acres.  The 
first  cost  was  $0.2  to  $0.5  million.  However,  this  alternative  would  not 
reduce  peak  flood  flows  from  Valley  City  downstream. 

T-439  -  This  50-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  439.  The  tributary  enters  the  Sheyenne 
River  from  the  northwest.  The  dam  would  be  located  in  Section  3  of  Grand- 
field  Township  about  5  miles  west  of  Sheyenne  and  1  mile  south  of  the  Benson- 
Eddy  County  line. 
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The  Cop  o£  dam  elevation  would  be  about  1490,  with  the  design  flood 
pool  elevation  about  1480.  About  1,900  acre-feet  of  storage  would  be 
available  for  flood  control,  with  the  design  flood  pool  affecting  about 
120  acres.  The  first  cost  was  $0.4  to  $0.7  million.  However,  this  alter¬ 
native  would  not  reduce  peak  flood  flows  from  Valley  City  downstream. 

T-448  -  This  60-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  448.  This  tributary  enters  the 
Sheyenne  River  from  the  northeast.  The  dam  would  be  located  in  Sections 
27  and  34  of  West  Antelope  Township  about  10  miles  west  of  Sheyenne. 

The  top  of  dam  elevation  would  be  about  1500  with  the  design  flood 
pool  elevation  about  1490.  About  1,500  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control,  with  the  design  flood  pool  affecting  about  80  acres. 
The  first  cost  was  $0.3  to  $0.6  million.  However,  this  alternative  would 
not  reduce  peak  flood  flows  from  Valley  City  downstream. 

T-453  (Peterson  Coulee)  -  This  45-foot-high  earth  fill  dam  would  be 
located  on  Peterson  Coulee,  a  tributary  to  the  Sheyenne  River  near  river 
mile  453.  Peterson  Coulee  enters  the  Sheyenne  River  from  the  northeast. 

The  dam  would  be  located  in  Section  16  of  West  Antelope  Township  about  8 
miles  southeast  of  Maddock. 

The  top  of  dam  elevation  would  be  about  1500  with  the  design  flood  pool 
elevation  about  1490.  About  2,000  acre-feet  of  flood  control  storage  would 
be  available,  with  the  design  flood  pool  affecting  about  130  acres.  The 
first  cost  was  $0.5  to  $0.8  million.  However,  this  alternative  would  have 
no  effect  on  peak  flood  flows  from  Valley  City  downstream. 

T-460  -  A  60-foot-high  earth  fill  dam  would  be  located  on  a  tributary 
to  the  Sheyenne  River  near  river  mile  460.  The  tributary  enters  the 
Sheyenne  River  from  the  north.  The  dam  would  be  located  in  Section  17  of 
South  Viking  Township  about  4  miles  south  of  Maddock. 
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The  top  of  dam  elevation  would  be  about  1530,  with  the  design  flood 
pool  elevation  about  1520.  About  8,000  acre-feet  of  storage  would  be 
available  for  flood  control.  The  design  flood  pool  would  affect  about  350 
acres.  The  first  cost  was  $1.2  to  $2.0  million.  However,  this  alternative 
would  not  affect  peak  flood  flows  from  Valley  City  downstream. 

T-463  (Big  Coulee)  -  An  80-foot-high  earth  fill  dam  would  be  located  on 
Big  Coulee,  a  tributary  to  the  Sheyenne  River  near  river  mile  463.  Big 
Coulee  enters  the  Sheyenne  River  from  the  north.  The  dam  would  be  located 
in  Section  11  of  Arne  Township  about  4  miles  southwest  of  Maddock. 

The  top  of  dam  elevation  would  be  about  1540  with  the  design  flood 
pool  elevation  about  1530.  About  19,000  acre-feet  of  storage  would  be  avail¬ 
able  for  flood  control,  with  the  design  flood  pool  affecting  about  900  acres. 
The  first  cost  was  $1.5  to  $3.0  million.  This  alternative  would  have  no 
effect  on  peak  flood  flows  from  Valley  City  downstream. 

T-470  (North  Fork)  -  This  30-foot-high  earth  fill  dam  would  be  located 
on  the  North  Fork  of  the  Sheyenne  River  which  joins  the  Sheyenne  River  at 
about  river  mile  470.  The  dam  would  be  located  in  Section  23  of  East  Fork 
Township  about  4  miles  northeast  of  Wellsburg. 

The  top  of  dam  elevation  would  be  about  1490,  with  the  design  flood  pool 
elevation  about  1480.  About  18,000  acre-feet  of  storage  would  be  available 
for  flood  control,  with  the  design  flood  pool  affecting  about  2,200  acres. 

The  first  cost  was  $1.5  to  $3.0  million.  This  alternative  would  have  no 
effect  on  peak  flood  flows  from  Valley  City  downstream. 

Maple  River  Main  Stem 

Watson  (M-76)  -  This  55-foot-high  earth  fill  dam  would  be  located  at 
about  river  mile  76  on  the  Maple  River  about  8  miles  northwest  of  Leonard 
in  Sections  8  and  9  of  Watson  Township.  The  top  of  dam  elevation  would  be 
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about  1030,  with  the  design  flood  pool  elevation  about  1020.  About  17,000 
acre-feet  of  storage  would  be  available  for  flood  control,  with  the  design 
flood  pool  affecting  about  1,600  acres.  About  3,800  acres  would  have  to  be 
acquired,  including  about  2,200  acres  of  mitigation  lands.  The  first  cost 
was  $4  to  $8  million.  This  alternative  would  have  limited  effect  on  flows 
in  the  Sheyenne  River  below  the  mouth  of  the  Maple  River. 

Highland  (M-87)  -  A  65-foot-high  earth  fill  dam  would  be  located  at 
about  river  mile  87  on  the  Maple  River  about  7  miles  northeast  of  Enderlin 
in  Section  15  of  Highland  Township.  The  top  of  dam  elevation  would  be 
about  1065,  with  the  design  flood  pool  elevation  about  1055.  About  35,000 
acre-feet  of  storage  would  be  available  for  flood  control.  The  design  flood 
pool  would  affect  about  2,900  acres.  About  5,300  acres  would  have  to  be 
acquired,  including  about  2,400  acres  of  mitigation  lands.  The  first  cost 
was  $0.5  to  $2.0  million.  This  alternative  would  have  limited  effects  on 
flows  in  the  Sheyenne  River  in  the  Harwood  area  and  on  flood  stages  at  West 
Fargo. 

Maple  River  Tributary 

South  Branch  (T-102)  -  A  40-foot-high  earth  fill  dam  would  be  located  on 
the  South  Branch  of  the  Maple  River,  a  tributary  to  the  Maple  River  at  about 
river  mile  102.  The  South  Branch  enters  the  Maple  River  from  the  south  in 
Enderlin.  The  dam  would  be  in  Section  9  of  Liberty  Township  about  1  mile 
south  of  Enderlin. 

The  top  of  dam  elevation  would  be  about  1130,  with  the  design  flood 
pool  elevation  about  1120.  About  4,500  acre-feet  of  flood  control  storage 
would  be  available,  with  the  design  flood  pool  affecting  about  400  acres. 

The  first  cost  was  $0.5  to  $2.0  million.  This  alternative  would  have  neglig¬ 
ible  effect  on  flows  on  the  Sheyenne  River  and  on  flood  stages  at  West  Fargo. 
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T-104a  -  This  45-foot-high  earth  fill  dam  would  be  located  on  a  tri¬ 
butary  to  the  Maple  River  at  about  river  mile  104.  The  tributary  enters 
the  Maple  River  from  the  west  about  1  mile  upstream  from  Enderlin.  The 
dam  would  be  in  Section  33  of  Pontiac  Township  about  1  mile  northwest  of 
Enderlin. 

The  top  of  dam  elevation  would  be  about  1145,  with  the  design  flood 
pool  elevation  about  1135.  About  2,800  acre-feet  of  flood  control  stor¬ 
age  would  be  available,  with  the  design  flood  pool  affecting  about  210 
acres.  The  first  cost  was  $0.5  to  $2.0  million.  This  alternative  would 
have  negligible  effect  on  flows  on  the  Sheyenne  River  and  on  flood  stages 
at  West  Fargo. 

T-104b  -  This  40-foot-high  earth  fill  dam  would  be  located  on  a  tri¬ 
butary  to  the  Maple  River  at  about  river  mile  104.  The  tributary  enters 
the  Maple  River  from  the  west  about  1  mile  upstream  of  Enderlin.  The  dam 
would  be  in  Section  31  of  Pontiac  Township  about  4  miles  northwest  of  Ender¬ 
lin  and  2  miles  upstream  and  west  of  damsite  T-104a. 

The  top  of  dam  elevation  would  be  about  1180,  with  the  design  flood 
pool  elevation  about  1170.  About  1,800  acre-feet  of  flood  control  storage 
would  be  available,  with  the  design  flood  pool  affecting  about  150  acres. 

The  first  cost  was  $0.5  to  $2.0  million.  This  alternative  would  have  neglig¬ 
ible  effects  on  flows  on  the  Sheyenne  River  and  on  flood  stages  at  West 
Fargo. 


Lucca  (T-110)  -  A  50-foot-high  earth  fill  dam  would  be  located  on  a  tri¬ 
butary  to  the  Maple  River  at  about  river  mile  110  on  the  Maple  River.  The 
tributary  enters  the  Maple  River  from  the  west.  The  dam  would  be  in  Sec¬ 
tion  8  of  Pontiac  Township  about  6  miles  northwest  of  Enderlin. 

The  top  of  dam  elevation  would  be  about  1160,  with  the  design  flood 
pool  elevation  about  1150.  About  6,800  acre-feet  of  flood  control  storage 
would  be  available,  with  the  design  flood  pool  affecting  about  500  acres. 
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The  first  cost  was  $1.0  to  $3.0  million.  This  alternative  would  have  neglig¬ 
ible  effects  on  flows  on  the  Sheyenne  River  and  on  flood  stages  at  West 
Fargo. 

PROHIBIT  REPLACEMENT  OF  OBSOLETE  HOMES  IN  THE  FLOODPLAIN 

Prohibiting  replacement  of  obsolete  homes  in  floodplain  areas  would  re¬ 
sult  in  eventual  removal  of  all  homes  from  the  floodplain.  The  process  would 
take  a  long  time  because  many  of  the  homes  have  been  built  fairly  recently 
and  would  not  be  considered  obsolete  for  a  considerable  time.  This  prohibi¬ 
tion  would  be  one  type  of  a  floodplain  regulation  to  restrict  construction 
of  flood-prone  developments.  However,  a  home  in  the  floodplain  could  be 
replaced  in  such  a  manner  that  it  would  not  be  prone  to  flood  damages.  Through 
use  of  proper  construction  techniques  and  recognition  of  the  damaging  flood 
levels,  development  could  take  place  in  floodplain  areas.  Such  development 
would  be  fully  consistent  with  the  objective  of  decreasing  future  flood  damages. 
Reduction  of  flood  damages  need  not  completely  prohibit  development  in  flood- 
plain  areas.  The  type  and  extent  of  the  floodplain  and  the  characteristics 
of  flooding  must  be  recognized  in  adopting  this  type  of  prohibition. 

PUBLIC  PURCHASE  OF  LAND  IN  THE  FLOODPLAIN  TO  ESTABLISH  GREENBELTS 

The  public  purchase  of  land  in  the  floodplain  to  establish  greenbelts 
would  involve  a  land  purchasing  program  to  ensure  public  ownership  of 
lands  adjacent  to  rivers.  The  floodplain  lands  in  the  lower  Sheyenne  River 
basin  are  almost  completely  agricultural.  Very  littJe  forest  cover  exists. 

A  narrow  band  of  trees  lines  each  side  of  the  river,  and  scattered  areas 
of  shelterbelts  exist.  These  trees  provide  an  attractive  location  for 
residential  units.  Many  of  these  areas  close  to  West  Fargo  have  already 
been  used  for  residential  development.  The  trees  have  been  retained,  but 
the  nature  of  the  woodland  has  changed.  Many  of  the  residential  developments 
are  flood  prone  and  increase  the  flood  damage  potential  in  the  area.  The 
small,  narrow  band  of  trees  along  the  river  helps  retain  snowfall  and  moisture 
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and  reduce  erosion;  however,  it  does  not  have  a  noticeable  effect  on  flood 
stages  and  flood  damages  within  its  immediate  area.  The  purchase  of  these 
forested  areas  to  preserve  them  as  greenbelts  without  some  form  of  regula¬ 
tion  on  building  in  floodplain  areas  would  have  essentially  no  effect  on 
flood  levels  or  flood  damages.  Preservation  of  these  lands  as  greenbelts 
would  provide  benefits  as  recreation  corridors,  fish  and  wildlife  habitat, 
and  scenic  areas.  The  water  management  district  has  some  authority  over 
the  forested  areas  adjacent  to  the  streambanks. 

ELIMINATION  OF  FLOOD  INSURANCE  ON  FUTURE  CONSTRUCTION 

Eliminating  the  flood  insurance  program  for  future  buildings  in  the 
floodplain  would  in  a  sense  be  a  return  to  past  practices.  Very  few  property 
owners  take  advantage  of  the  Federally-subsidized  insurance  program  now. 

Under  the  current  program,  owners  of  new  construction  are  required  to  pur¬ 
chase  flood  insurance  at  actuarial  rates  which  reflect  the  true  cost  of  the 
insurance.  Because  of  the  high  cost  of  the  insurance  at  actuarial  rates, 
very  few  people  subscribe  to  the  insurance  program  for  new  construction. 
Insurance  is  not  the  key  element  in  reducing  future  flood  damages;  floodplain 
regulations  are. 

EVACUATION  OF  FLOODPLAIN  DEVELOPMENTS 

Evacuation  of  floodplain  developments  would  consist  of  relocating  all 
structures  in  the  floodplain  to  nonfloodplain  areas.  Complete  floodplain 
evacuation  is  one  of  the  most  effective  ways  to  reduce  flood  damage  poten¬ 
tial,  but  it  can  also  result  in  the  most  severe  impacts  on  a  community. 

This  alternative  would  involve  about  700  homes  and  70  businesses  in  Valley 
City,  100  homes  and  10  businesses  in  Lisbon,  and  1,900  homes  and  200  busi¬ 
nesses  in  West  Fargo. 

FALL  RELEASE  OF  WATER  FROM  BALDHILL  DAM 

The  current  operating  plan  for  Baldhill  Dam  calls  for  a  uniform  release 
of  water  from  about  October  to  March  to  draw  the  pool  level  down  about  3-1/2 
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feet  to  provide  flood  control  storage.  Releasing  most  of  the  water  in  the 
fall  rather  than  uniformly  throughout  the  winter  might  change  river  ice 
formation  at  Valley  City,  Lisbon,  and  downstream.  However,  as  long  as  the 
pool  level  of  Lake  Ashtabula  would  be  sufficiently  low  by  spring  runoff,  the 
flood  control  storage  capacity  at  Baldhill  Dam  would  not  be  changed  and  the 
degree  of  flood  protection  provided  at  Valley  City,  Lisbon,  and  other  down¬ 
stream  areas  would  not  be  changed.  The  changes  expected  in  ice  formation 
probably  would  not  significantly  affect  flood  damages.  Any  change  of  this 
nature  could  be  evaluated  as  part  of  a  revised  operating  plan  for  Baldhill 
Dam. 

SNAG  AND  CLEAR  MAPLE  RIVER  -  DURBIN  TO  MOUTH 

Snagging  and  clearing  along  the  lower  reaches  of  the  Maple  River  would 
have  minimal  effects  on  flood  stages  along  the  Sheyenne  River.  Reduction 
of  the  debris  coming  down  the  Maple  River  to  join  the  Sheyenne  River  might 
help  reduce  the  blocking  of  bridge  openings  across  the  Sheyenne  River  below 
the  mouth  of  the  Maple  River.  These  blockages  and  resultant  backwater  ef¬ 
fects  would  affect  the  area  between  the  mouth  of  the  Maple  River  and  1-29. 
Some  potential  exists  to  reduce  the  backwater  effects  of  the  railroad  cross¬ 
ing  near  the  mouth  of  the  Maple  River  on  flood  levels  at  West  Fargo.  These 
potential  reductions  along  the  Sheyenne  River  would  be  very  difficult  to 
quantify. 

SNAG  AND  CLEAR  TRIBUTARIES  TO  THE  SHEYENNE  RIVER 

Snagging  and  clearing  along  tributaries  to  the  Sheyenne  River  would  have 
little  effect  on  flood  stages  along  the  Sheyenne  River.  The  amount  of  de¬ 
bris  coming  down  the  river  during  floods  would  be  reduced  but  not  eliminated. 
Reduction  of  debris  would  lessen  flow  restrictions  through  bridges.  Exten¬ 
sive  snagging  and  clearing  on  tributaries  could  have  adverse  effects  on 
fish. 
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ALTERNATIVES  DROPPED  DURING  STAGE  2 


The  alternatives  discussed  in  this  section  were  retained  past  the 
initial  screening.  However,  they  were  dropped  after  further  evaluation. 

The  information  presented  is  generally  more  detailed  than  that  presented 
for  the  alternatives  discussed  previously;  however,  the  information  is  still 
preliminary.  The  economic  information  is  at  October  1978  price  levels. 

ALTERNATIVES  THAT  COULD  BE  MAJOR  COMPONENTS  OF  FLOOD  DAMAGE  REDUCTION  PLANS 

General 


The  alternatives  discussed  in  this  section  were  carried  into  stage  2 
of  the  planning  process.  They  were  identified  as  having  the  potential  to 
significantly  reduce  flood  damages  in  the  basin  and  they  could  be  used  as 
major  components  of  any  comprehensive  flood  damage  reduction  plan.  However, 
these  alternatives  were  dropped  during  or  after  the  stage  2  evaluation  process 
because  further  study  was  not  warranted.  A  description  of  the  alternative, 
including  costs,  benefits,  advantages,  and  disadvantages,  is  presented. 

October  1978  price  levels  for  economic  information  are  given  unless  other¬ 
wise  noted. 

Diversions  to  the  Wild  Rice  River 


Under  certain  circumstances,  a  diversion  to  the  Wild  Rice  River  could 
be  designed  to  substantially  reduce  some  flood  levels  along  the  Sheyenne 
River.  The  diversion  would  have  a  gated  control  structure  at  its  inlet 
on  the  Sheyenne  River  and  would  be  operated  only  when  it  would  not  increase 
the  peak  flood  stages  on  the  Red  River  of  the  North.  Because  the  first 
peak  of  the  Sheyenne  River  generally  coincides  with  the  peak  of  the  Red 
River  at  Fargo,  the  diversion  could  not  be  operated  during  the  first  peak 
and  would  be  operated  only  during  the  second  peak  of  the  Sheyenne  River. 
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Thus,  to  be  considered  effective  for  flood  damage  reduction,  a  diversion 
to  the  Wild  Rice  River  must  be  combined  with  other  alternatives  that  can 
address  the  first  peak. 

Three  preliminary  designs  were  evaluated  -  a  l,00Q-cfs,2,000-cfs, 
and  3,000-cfs  channel  for  each  of  the  three  locations,  M-42,  M-54,  and 
M--65.  The  pertinent  information  on  these  designs  is  shown  in  table 
L-l  (page  L-34). 

These  alternatives  would  have  little  impact  on  the  environment  in  com¬ 
parison  with  other  flood  control  alternatives.  Summaries  of  the  impacts 
associated  with  the  three  diversion  alternatives  can  be  found  in  table 
L-2  (page  L-35) . 

The  surrounding  land  near  each  of  the  diversions  is  predominantly  agri¬ 
cultural,  and  the  land  has  been  classified  as  prime  farmland  by  the  Soil 
Conservation  Service. 

The  riparian  woodlands,  which  constitute  a  narrow  band  along  the  river, 
provide  habitat  for  deer  and  semiaquatic  organisms  and  are  a  valuable 
transition  area  for  migrating  birds.  The  woodlands  are  essential  to  the 
wintering  deer  herds  in  the  lower  basin.  Loss  of  the  woodland  could  be 
mitigated  by  plantings  along  the  diversion  right-of-way.  Enhancement  oppor¬ 
tunities  are  available  through  purchase  of  permanent  instead  of  temporary 
easements  along  the  diversion  and  planting  of  vegetation  or  windbreaks  in 
these  areas.  The  windbreaks  would  provide  wildlife  habitat  and  could  be 
designed  to  reduce  snow  accumulation  in  the  diversion  channel. 

The  noise  associated  with  these  diversion  alternatives  would  have  mini¬ 
mal  effects  since  the  construction  would  occur  in  predominantly  rural  areas. 
Although  ambient  noise  levels  in  the  area  are  low,  there  are  few,  if  any, 
people  in  the  area  who  would  be  bothered  by  the  noise.  Following  construc¬ 
tion,  noise  levels  associated  with  the  operation  and  maintenance  of  a  diver¬ 
sion  would  be  negligible. 


A  diversion  to  the  Wild  Rice  River,  aside  from  offering  some  protec¬ 
tion  to  West  Fargo,  would  also  provide  some  degree  of  protection  to  Horace 
and  the  area  between  Horace  and  West  Fargo.  Because  a  diversion  to  the 
Wild  Rice  River  would  not  be  implemented  without  one  of  the  major  flood 
reduction  alternatives  as  a  joint  component,  the  Wild  Rice  River  alternative 
is  not  expected  to  have  any  net  population  impacts  on  West  Fargo. 

A  diversion  to  the  Wild  Rice  River  would  have  no  aesthetic  impacts  on 
the  Sheyenne  River  or  streambed.  It  would  affect  the  primarily  agricultural 
areas  from  the  Sheyenne  River  to  the  Wild  Rice  River;  however,  the  banks 
of  excess  material  from  construction  of  the  channel  would  be  unsightly 
until  they  were  vegetated,  and  the  diversion  channel  itself  would  be  in 
visual  contrast  with  the  agricultural  nature  of  the  area.  The  diversion 
to  the  Wild  Rice  River  would,  however,  improve  the  aesthetic  setting  of  the 
urban  environments  in  Horace  and  West  Fargo  by  reducing  the  deposition  of 
silt  and  debris  and  damage  to  structures  during  floods. 

A  diversion  to  the  Wild  Rice  River  would  have  minor  beneficial  effects 
on  community  cohesion.  By  reducing  flood  levels  from  Horace  to  West  Fargo, 
the  diversion  would  help  preserve  existing  neighborhood  structures  in  pres¬ 
ently  flood-prone  areas.  The  route  of  the  diversion  from  the  Sheyenne  River 
to  the  Wild  Rice  River  would  not  bisect  or  isolate  any  existing  neighborhoods. 
It  is  not  expected  that  any  intergroup  conflicts  would  arise  over  this  alter¬ 
native,  nor  would  any  minority  groups  be  affected. 

A  diversion  to  the  Wild  Rice  River  would  have  a  minor  impact  on  community 
growth  in  West  Fargo  and  Horace.  Increased  tax  revenues  would  accrue  to  the 
connunitles  from  protection  of  currently  flood-prone  structures  and  the  assoc¬ 
iated  rises  in  property .values.  Some  community  expansion  into  floodplain 
areas  may  occur.  The  Wild  Rice  River  diversion  may,  however,  increase  the 
viability  of  Horace  by  providing  the  community  the  stability  necessary  to 
attract  future  development. 
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A  diversion  to  the  Wild  Rice  River  would  create  a  minor  temporary  in¬ 
crease  in  employment  for  the  construction  trades.  The  diversion  would  also 
help  protect  existing  jobs  in  businesses  now  subject  to  flooding  in  Horace 
and  West  Fargo. 

To  avoid  an  inequitable  distribution  of  costs  and  benefits,  a  diver¬ 
sion  to  the  Wild  Rice  River  would  be  operated  so  as  not  to  increase  peak 
flood  levels  along  the  Red  River  of  the  North. 

M-42  -  This  alternative  would  consist  of  a  flood  diversion  channel  to 
reduce  flood  stages  along  the  Sheyenne  River  from  Horace  to  Harwood  by 
diverting  flood  flows  from  the  Sheyenne  River  to  the  Red  River  of  the 
North  via  the  Wild  Rice  River.  The  diversion  channel  would  start  in 
Section  19  of  Stanley  Township  about  1  mile  southwest  of  Horace  and  proceed 
east  for  about  5  miles  to  join  the  Wild  Rice  River  in  Section  23  of  Stanley 
Township  near  Wild  Rice,  North  Dakota.  The  location  of  the  channel  is  shown 
in  figure  L-l  (page  L-36) . 

The  diversion  channel  would  be  about  5.3  miles  long,  with  a  bottom 
width  ranging  from  15  to  40  feet  and  average  depths  ranging  from  approxi¬ 
mately  10  to  13  feet  for  the  different  designs.  The  earth  removed  during 
construction  would  be  placed  on  the  overbanks  adjacent  to  the  channel. 

The  first  cost  of  this  alternative  would  range  from  $4  to  $8  million 
for  the  sizes  considered.  The  average  annual  costs  for  the  three  designs 
are  $370,000,  $440,000,  and  $510,000,  respectively.  No  flood  control  bene¬ 
fits  would  be  gained  in  areas  upstream  of  this  alternative.  However,  about 
$2  million  in  average  annual  flood  control  benefits  could  be  credited, 
taking  into  account  the  fact  that  the  diversion  would  be  only  partially 
effective  during  any  given  flood.  These  benefits  are  for  estimating  pur¬ 
poses  only,  and  this  alternative  must  be  considered  only  a  partial  component 
of  a  plan. 

The  M-42  diversion  would  leave  the  Sheyenne  River  at  the  very  downstream 
end  of  the  segment  qualified  for  potential  inclusion  in  the  Wild  and  Scenic 
River  System;  therefore,  this  diversion  alignment  does  not  have  the  potential 


for  as  significant  an  impact  on  the  scenic  qualities  of  the  river  as  other 
upstream  alternatives.  However,  the  riprapping  and  shaping  of  the  diver¬ 
sion  channel  and  the  Sheyenne  River  diversion  entry  point  would  constitute 
an  obvious  intrusion  by  man  and,  therefore,  would  be  considered  a  negative 
impact. 

The  alignment  of  the  M-42  diversion  would  require  the  relocation  of 
four  farmsteads.  However,  1,970  farmsteads  and  residences,  161  businesses, 
and  45  public  facilities  downstream  would  benefit. 

Construction  would  require  bridges  or  overpasses  on  1-29  and  paved 
county  roads.  This  construction  would  probably  require  traffic  detouring 
for  the  county  roads  and  temporary  single-lane  funneling  of  traffic  on 
1-29. 


Ho  public  facilities  would  be  affected  by  the  Wild  Rice  River  diver¬ 
sion.  The  delivery  of  public  services  would  be  temporarily  hindered  in 
the  Horace  area  by  the  structural  modifications  required  to  1-29  and  the 
county  roads. 

Approximately  130  acres  of  cropland  and  15  acres  of  other  types  of 
land  would  be  required  for  construction  of  the  1,000-cfs  design.  The  2,000- 
and  3,000-cfs  designs  would  require  160  and  210  acres  of  cropland,  respec¬ 
tively,  as  well  as  20  acres  of  other  types  of  land.  All  of  the  lands  re¬ 
quired  for  construction  include  fish  and  wildlife  mitigation  lands. 

Although  flood  damages  at  West  Fargo,  at  Horace,  and  in  the  reach  from 
Horace  to  West  Fargo  could  be  reduced,  no  ensured  reduction  in  any  specific 
flood  can  be  attributed  to  this  alternative  because  of  the  operational 
constraints  imposed  by  levels  on  the  Red  River  of  the  North.  This  alter¬ 
native  would  have  to  be  coupled  with  other  alternatives  that  would  reduce 
the  levels  of  the  first  peak  along  the  Sheyenne  River. 
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M-54  -  This  alternative  would  consist  of  a  flood  diversion  channel  from 
the  Sheyenne  River  to  the  Wild  Rice  River  similar  to  the  diversion  channel 
to  the  Wild  Rice  River  at  M-42.  The  diversion  channel  would  start  in 
Section  24  of  Normanna  Township  about  3  miles  northeast  of  Kindred,  and 
proceed  east  and  northeast  for  about  3  miles  to  join  the  Wild  Rice  River 
in  Section  10  of  Pleasant  Township  about  5  miles  southwest  of  Horace.  The 
diversion  channel  could  be  designed  to  substantially  reduce  stages  during 
the  second  peak  of  Sheyenne  River  flooding  up  to  about  the  1-  to  2-percent 
chance  floods.  The  location  and  features  of  the  diversion  channel  are  shown 
on  figure  L-l  (page  L-36) .  Pertinent  information  on  this  alignment  is  con¬ 
tained  in  table  L-l  (page  L-34) . 

The  diversion  channel  would  be  about  3  miles  long,  with  a  bottom  width 
ranging  from  15  to  40  feet  and  average  depths  ranging  from  approximately 
11  to  14  feet,  depending  on  the  design  size.  The  construction  cost  of  this 
alternative  would  range  from  $2  to  $6  million,  depending  on  the  size. 

The  annualized  costs  for  the  three  possible  designs  are  $220,000, 
$290,000,  and  $360,000.  No  flood  control  benefits  would  be  gained  in  areas 
upstream  of  this  alternative.  However,  from  $1.5  to  $2.0  million  in 
flood  control  benefits  could  be  gained.  These  benefits  are  for  estimating 
purposes  only,  and  this  alternative  must  be  considered  only  as  a  partial 
component  of  a  plan. 

The  M-54  diversion  would  join  the  Sheyenne  River  within  a  segment  that 
has  potential  for  designation  as  a  Wild  and  Scenic  River.  The  riprapping 
and  shaping  of  the  diversion  channel  and  the  Sheyenne  River  diversion  entry 
point  would  constitute  an  obvious  intrusion  by  man  and  would,  therefore, 
have  a  negative  impact  on  this  potential  designation.  The  location  of  this 
intrusion  would  affect  the  significance  of  the  impact  since  the  length  of 
relatively  undisturbed  river  segments  is  important  to  Wild  and  Scenic 
River  potential. 


The  alignment  of  the  M-54  diversion  to  the  Wild  Rice  River  would  not 
require  the  acquisition  of  farmstead  buildings,  residences,  businesses, 
or  public  facilities.  The  diversion  would  benefit  2,000  farmsteads  and 
residences,  161  businesses,  and  45  public  facilities  located  downstream. 

The  diversion  would  require  bridges  or  overpasses  on  county  roads,  prob¬ 
ably  requiring  traffic  detours  during  construction.  No  public  facilities 
would  be  affected  by  the  diversion.  The  delivery  of  public  services  would 
be  temporarily  hindered  in  the  Horace  area  by  the  structural  modifications 
to  county  roads. 

Approximately  80  acres  of  cropland  and  5  acres  of  other  types  of  lands 
would  be  required  for  construction  of  the  1,000-cfs  design.  The  2,000- 
and  3,000-cfs  designs  would  require  90  acres  and  100  acres,  respectively, 
of  cropland  as  well  as  5  acres  of  other  types  of  lands.  All  of  the  lands 
required  for  construction  include  fish  and  wildlife  mitigation  lands. 

Although  flood  damages  downstream  of  the  inlet  to  the  diversion  could 
be  reduced,  no  ensured  reduction  for  any  specific  flood  can  be  attributed 
to  this  alternative  because  of  the  operational  constraints  imposed  by  Red 
River  of  the  North  water  levels.  This  alternative  would  have  to  be  coupled 
with  another  alternative  that  would  reduce  the  levels  of  the  first  peak  along 
the  Sheyenne  River. 

M-65  -  This  alternative  would  consist  of  a  flood  diversion  channel  from 
the  Sheyenne  River  to  the  Wild  Rice  River  similar  to  the  diversion  channel 
to  the  Wild  Rice  River  at  M-42.  The  diversion  would  start  in  Section  33  of 
Normanna  Township  about  1  mile  southeast  of  Kindred  and  proceed  east  along 
Highway  46  for  about  6  miles  to  join  the  Wild  Rice  River  in  Section  28  of 
Pleasant  Township. 

The  diversion  channel  would  be  designed  to  substantially  reduce  flood 
stages  during  the  second  peak  on  the  Sheyenne  River  for  up  to  about  the  1- 
to  2-percent  chance  flood.  The  location  and  features  of  the  diversion  chan¬ 
nel  are  shown  on  figure  L-l  (page  L-36).  Pertinent  information  on  this 
alignment  is  contained  in  table  L-l  (page  L-34) . 
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The  diversion  channel  would  be  about  6  miles  long,  with  a  bottom  width 
ranging  from  15  to  40  feet  and  average  depths  ranging  from  approximately 
12  to  14  feet  depending  on  the  design  size. 

The  construction  cost  of  this  alternative  would  range  from  $5  to  $9 
million,  depending  on  the  size.  The  annualized  costs  for  the  three  designs 
would  be  $440,000,  $510,000,  and  $580,000.  No  flood  control  benefits  would 
be  gained  in  areas  upstream  of  this  alternative.  However,  from  $1  to  $1.8 
million  in  flood  control  benefits  could  be  gained.  These  benefits  are  for 
estimating  purposes  only,  and  this  alternative  must  be  considered  only  a 
partial  component  of  a  plan. 

The  M-65  diversion  would  join  the  Sheyenne  River  within  a  segment  that 
has  potential  for  designation  as  a  Wild  and  Scenic  River.  The  riprapping 
and  shaping  of  the  diversion  channel  and  the  Sheyenne  River  diversion  entry 
point  would  constitute  an  obvious  intrusion  by  man  and,  therefore,  would  have 
a  negative  impact  on  this  potential  designation.  The  location  of  this  intrusion 
would  be  important  to  the  impact  since  the  length  of  a  relatively  undisturbed 
river  segment  is  important  to  Wild  and  Scenic  River  potential. 

The  alignment  of  the  M-65  diversion  channel  to  the  Wild  Rice  River  would 
require  the  acquisition  of  one  farmstead.  However,  the  diversion  would  bene¬ 
fit  2,140  farmsteads  and  residences,  161  businesses,  and  45  public  facilities 
downstream  of  the  alternative. 

Construction  of  this  diversion  would  require  bridges  or  overpasses  on 
county  roads,  probably  requiring  temporary  traffic  detours. 

Approximately  170  acres  of  cropland  and  20  acres  of  other  types  of  land 
would  be  required  for  construction  of  the  1,000-cfs  design.  The  2,000-  and 
3,000-cfs  designs  would  require  190  acres  and  240  acres,  respectively,  of 
cropland  as  well  as  20  acres  of  other  types  of  land.  All  lands  required 
for  construction  include  fish  and  wildlife  mitigation  lands. 


This  alternative  could  reduce  flood  damages  from  Kindred  through 
West  Fargo.  However,  no  ensured  reduction  for  any  specific  flood  can 
be  attributed  to  this  alternative  alone  because  of  the  operational 
constraints  imposed  by  Red  River  of  the  North  water  levels.  This  alter¬ 
native  would  have  to  be  coupled  with  another  alternative  that  would 
reduce  the  levels  of  the  first  peak  in  the  West  Fargo  area. 
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Botton  width  (feet)  15  25  40  15  25  40  15  25  40 
Top  width  (feet)  80  100  120  80  100  125  85  110  125 
Length  (mile*)  5.3  5.3  5.3  3.0  3.0  3.0  5.9  5.9  5.9 
Depth  (feet)(wlth  freeboard)  10  12  13  11  13  14.0  12  13  14 


Frequency  of  design  flood  (percent)  15 


Impact  category _ 1,000  cfs 


Table  L~ 2  -  Sugary  ot  Impacts  associated  with  diversions  to  the  Mild  Rice  River _ 

Site  M-42 _  _  Site  M-54 _  _ 

2.000  cfs  3,000  cfs _ 1,000  cfs  2,000  cfs  3.000  cfs _ 1.000  cfs 


Site  M-6S 
2,000  cfs 


3,000  cfs 


Habitat 

Woodland 


Cropland 


Grassland 


Wetland 


Fish 


About  2  acres.  Low  value,  although 
further  removed  from  urban  areas. 
Provides  some  use  for  deer  and 
other  wildlife. 


About  5  acres  of  woodlands  affected,  includ¬ 
ing  3  acres  of  woodlots.  The  woodlands  pro¬ 
vide  moderate  value  to  birds  and  small  wild¬ 
life  species.  Some  use  by  deer. 


About  5  to  10  acres  of  woodland  and  brush 
would  be  affected  by  the  project.  Low  to 
medium  wildlife  value  because  of  scarcity 
of  habitat.  Use  by  birds  and  small  mammals 
and  maybe  occasional  deer. 


50  acres.  60  acres.  70  acres. 


About  30  acres.  About  35  acres.  About  40  acres.  About  50  acres.  About  60  acres.  About  70  aces 


Low  value  because  cropland  is  abund¬ 
ant  in  area. 


U) w  wildlife  value.  Not  much  other  habitat 
around  for  interspersion.  Abundant  crop¬ 
land  available  in  area. 


Low  wildlife  value.  Abundant  cropland  in 
area  and  not  much  interspersion  available. 


None  affected.  About  10  to  15  acres  of  grassland  affected  About  10  to  15  acres  affected.  Some  use  by 

where  diversion  would  utilize  existing  topo-  birds  and  small  manmals. 

graphic  drainage.  Low  value  for  birds  and 
small  mammals  because  of  lack  of  inter¬ 
spersion. 


About  2  acres.  A  county  ditch  provides 
some  seasonal  wetland  habitat. 


Some  seasonal  wetlands  may  exist  in  the  drain¬ 
age  channels. 


There  may  be  some  seasonal  wetlands  in  the 
natural  drainages. 


No  Impact. 


No  effect.  Most  of  the  diversion  goes  through  No  effect.  Host  of  diversion  goes  through 
agricultural  lands.  agricultural  land. 


Miscellaneous 


Rare  plants  and  No  effect, 
animals 


Water  quality  Temporary  Increase  In  turbidity  dur¬ 
ing  construction. 

Aesthetics  Minimal  adverse  e f feet .  Construction 

disturbances  would  be  negative. 


Waterwort  (a  rare  plant  In  North  Dakota) 
could  be  affected.  It  is  an  aquatic  plant 
found  along  shorelines  in  the  vicinity  of 
the  Wild  Rice  River. 

Temporary  Increase  in  turbidity  during  con¬ 
struction.  Minor  impacts  on  fish  and  wild¬ 
life. 

Construction  and  postconstruction  disturbances 
will  be  negative. 


None  known. 


Temporary  increase  in  turbidity  during  con¬ 
struction.  Minor  Impacts  on  fish  and  wild¬ 
life. 

Construction  and  postconstruction  disturb¬ 
ances  will  be  adverse. 


Planning  constraints 


E.O.  11988  This  alternative  is  located  in  the 

(floodplain)  floodplain  and  could  change  land  use 

and  nature  of  future  developments. 


E.O.  11990  Minor.  Some  wetland  type  habitat  is 

(wetlands)  in  existing  ditch  bottom. 


Preserve  riverine  Very  minimal  effect  on  riverine 
environment  environment. 


Federal  threat-  None  knot*, 
ened  and  en¬ 
dangered 
species 


Federal  and 
State  wild 
and  scenic 
rivers 


The  diversion  channel  is  an  Intrusion 
by  man  and  therefore  a  negative  Im¬ 
pact.  Located  at  downstream  end  of 
proposed  river  segment. 


Areas  of  critical  national  importance 


Game  management  No  effect, 
ar eas,  rafuges, 
grase lands, 
etc. 

Cultural  re-  Unknown  impacts  on  cultural  resources, 

sources 


Project  wouLd  be  constructed  in  the  flood- 
plain  and  may  change  nature  of  future  develop¬ 
ments. 

Some  wetlands  in  drainage  channels  would 
be  affected. 

Very  minimal  effect  on  riverine  environment, 


None  known. 


The  project  is  an  intrusion  by  man  and  Is  there¬ 
fore  a  negative  Impact  on  wild  and  scenic 
river  designation. 


Project  would  be  constructed  In  the  flood- 
plain  and  may  change  nature  of  future 
developments . 

Some  werlands  in  the  drainage  channels  would 
be  affected. 

Very  minimal  effect  on  riverine  environment. 


None  known. 


The  project  is  an  intrusion  by  man  and  Is 
therefore  a  negative  impact  on  wild  and 
scenic  river  designation. 


No  effect. 


No  effect . 


Unknown  impacts  on  cultural  resources 


This  alternative  would  not  affect  any 
known  cultural  resources;  however,  un¬ 
detected  cultural  resources  could  be 
affected . 
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Figure  L-l 


Channelization  -  Sheyenne  River 


This  alternative  was  considered  in  two  parts: 

a.  Enlargement  and  straightening  of  the  Sheyenne  River  channel  from 
near  Kindred  (about  river  mile  68)  to  West  Fargo  (about  river  mile  30) 
where  it  could  join  the  diversion  and  levee  system  or  other  form  of  local 
protection  at  West  Fargo/Riverside. 

b.  Enlargement  and  straightening  of  the  Sheyenne  River  channel  from 
West  Fargo  (about  river  mile  24)  to  the  mouth. 

The  enlarged  and  straightened  channel  would  involve  approximately  38 
miles  of  river  channel  from  Kindred  to  West  Fargo  and  24  miles  of  river 
channel  from  West  Fargo  to  the  mouth.  The  bottom  width  would  be  50  feet, 
and  the  average  depth  would  be  approximately  10  feet  and  would  be  able 
to  convey  approximately  3,100  cfs  for  each  reach.  Excavation  would  be 
limited,  where  possible,  to  one  side  of  the  existing  channel  to  minimize 
environmental  and  social  impacts. 

The  construction  costs  would  range  from  $13  to  $26  million  for  the 
Kindred  to  West  Fargo  reach  and  from  $10  to  $21  million  for  the  West  Fargo 
to  mouth  reach.  The  average  annual  costs  would  be  $1.5  million  to  $1.2  mil¬ 
lion,  respectively.  The  estimated  average  annual  benefits  would  range  from 
$0.74  to  $0.54  million,  resulting  in  a  benefit-cost  ratio  of  0.5  and  0.4 
for  the  two  reaches,  respectively. 

In  the  area  downstream  of  Kindred,  most  of  the  remaining  vegetation 
is  along  the  river.  Channelization  would  affect  and  possibly  destroy  vege¬ 
tation  within  25  feet  of  either  riverbank.  Therefore,  from  Kindred  to 
West  Fargo,  a  minimum  of  500  acres  of  vegetation,  primarily  woodland,  would 
be  affected.  From  West  Fargo  to  the  mouth,  a  minimum  of  390  acres  of  vege¬ 
tation  would  be  affected.  This  represents  a  major  portion  of  the  remaining 
wildlife  habitat  in  a  reach  that  is  agriculturally  oriented. 
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The  downstream  reacn  between  Kindred  and  the  mouth  supports  a  winter¬ 
ing  deer  population  and  provides  habitat  for  other  wildlife.  Removal  of 
a  large  portion  of  the  remaining  woodlands  along  the  river  would  have 
a  significant  impact  on  wildlife  populations.  The  vegetation-water 
interface  is  one  of  the  most  valuable  wildlife  habitats  for  birds  and 
semiaquatic  organisms.  For  example,  a  study  in  northern  Arizona  showed 
that  (1)  vegetation  manipulation  in  native  riparian  communities  was 
extremely  detrimental  to  breeding  bird  populations,  the  extent  of  the 
impact  being  significantly  correlated  with  the  degree  to  which  phreatophytes 
were  removed  and  (2)  for  a  given  number  of  acres  of  habitat,  the  riparian 
type  supports  higher  population  densities  than  any  other  forest  habitat 
type.  When  a  riparian  habitat  is  removed  or  severely  manipulated,  not  only 
are  the  riparian  species  of  the  area  adversely  influenced,  but  wildlife 
productivity  in  the  adjacent  habitat  is  depressed.  This  zone  of  influence 
may  extend  several  hundred  meters  beyond  the  edge  of  the  streamside  vege¬ 
tation  (Carothers,  S.W. ,  R.R.  Johnson,  and  S.  W.  Aitchision,  1974.  "Popu¬ 
lation  Structure  and  Social  Organization  of  Southwestern  Riparian  Birds." 
American  Zoology,  14;  97-108.  Cited  by  Johnson,  R.R.,  and  D.A.  Jones,  ed., 
1977,  "Importance,  Preservation  and  Management  of  Riparian  Habitat:  A 
Symposium."  USDA  Forest  Service,  General  Technical  Report,  KM-43.  217  p.). 

The  existing  river  fishery,  although  probably  of  low  value,  would  be 
adversely  affected  by  this  alternative.  The  fish  habitat,  debris,  logs,  and 
so  on,  would  be  removed  from  the  river.  Trees  along  the  bank,  which  pro¬ 
vide  shade  and  a  source  of  future  fish  habitat,  would  be  removed.  The  game 
fish  populations  would  decline  as  a  result  of  channelization.  Rough  fish, 
such  as  redhorse  and  carp,  would  increase,  and  the  recreational  value  of 
the  river  would  decline. 

The  Kindred  to  West  Fargo  reach  of  this  alternative  would  include  a 
portion  of  the  Sheyenne  River  which  has  potential  for  selection  as  a  wild 
and  scenic  river.  About  25  miles  of  the  Sheyenne  River  from  Kindred  to 
Horace  is  so  classified.  The  widening,  deepening,  and  straightening  of  this 


river  segment  would  obviously  preclude  future  consideration  for  wild  and 
scenic  river  designation.  However,  this  measure  would  not  affect  the  re¬ 
maining  182  miles  of  the  Sheyenne  River  which  meets  designation  standards. 

The  channelization  would  not  involve  the  acquisition  of  any  farmsteads 
and  residences,  businesses,  or  public  facilities.  The  Kindred  to  West 
Fargo  reach  of  channelization  would  benefit  400  farmsteads  and  residences, 

11  businesses,  and  5  public  facilities.  The  West  Fargo  to  mouth  reach 
of  channelization  would  benefit  560  farmsteads  and  residences,  6  businesses, 
and  2  public  facilities.  All  of  these  properties  would  benefit  from  reduced 
flood  damages. 

Channelization  would  also  have  a  significant  impact  on  aesthetics. 

The  enlarging  and  straightening  of  the  river  would  destroy  existing  riparian 
vegetation  and  the  natural  character  of  the  meandering  river.  The  river- 
banks  would  be  unsightly  and  turbidity  would  be  high  until  the  banks  were 
vegetated. 

The  noise  associated  with  construction  of  the  new  channel  would  have 
minimal  effects  in  the  rural  areas  because  few  people  are  in  these  areas. 
However,  in  the  urban  areas,  the  noise  would  have  a  major  impact  because 
the  large  number  of  people  near  the  construction.  Following  construction, 
noise  levels  associated  with  the  operations  and  maintenance  of  the  channel 
would  be  negligible. 

Approximately  2,150  acres  of  land  would  be  required  for  construction 
of  the  Kindred  to  West  Fargo  reach  of  channelization.  The  West  Fargo  to 
the  mouth  reach  would  require  1,700  acres  of  land.  These  lands  include 
the  fish  and  wildlife  mitigation  lands  and  are  composed  mainly  of  woodlands. 

No  reductions  in  flood  levels  at  West  Fargo  are  estimated  for  the  chan¬ 
nelization  because  channelization  should  be  coupled  with  the  diversion  and 
levee  system  around  West  Fargo/Riverside. 
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Kindred  Dam  (Dry  Reservoir  at  Mile  76) 


This  alternative  would  consist  of  an  earth  fill  dam  near  Sheyenne 
River  mile  76  approximately  5  miles  southwest  of  Kindred  and  near  the 
center  of  section  14  of  Barrie  Township.  A  plan  view  and  typical  embank¬ 
ment  section  are  illustrated  in  figure  L-2. 


A  dry  reservoir  would  have  no  permanent  pool,  and  the  dam  would  be 
operated  only  for  flood  control.  Three  different  design  flood  pool  eleva¬ 
tions  were  analyzed:  1000,  1010,  and  1015  feet  msl.  The  flood  control 
storages  for  the  three  designs  would  be  180,000,  300,000,  and  360,000  acre- 
feet,  respectively.  Because  an  additional  20,000  acre-feet  of  storage  is 
required  for  sediment  storage,  total  storage  requirements  of  200,000,  320,000, 
and  380,000  acre-feet,  respectively,  would  be  needed.  The  areas  flooded 
by  the  three  design  flood  pools  would  be  9,600,  12,400,  and  14,000  acres, 
respectively. 

The  1000-foot  elevation  flood  pool  design  would  require  a  top  of  dam 
elevation  of  1010  feet,  resulting  in  a  79-foot  high  structure.  The  1010 
and  1015  flood  pool  designs  would  require  tops  of  dam  at  1020  feet  and  1025 
feet,  respectively.  The  resulting  heights  of  the  dams  would  be  89  feet 
for  the  1010  flood  pool  and  94  feet  for  the  1015  flood  pool. 

Each  design  would  have  a  gated  spillway  with  gated  conduit  low-flow 
outlet  works.  To  evaluate  the  ability  of  the  structures  to  control  the 
1-percent  chance  flood  to  a  minimum  level  of  release,  the  resulting  uni¬ 
form  release  rate  for  the  1000-foot  elevation  flood  pool  would  be  3,000  cfs. 
The  1010  and  1015  flood  pool  designs  would  have  release  rates  of  1,600  and 
1,000  cfs,  respectively.  Since  nondamaging  flow  levels  are  about  2,000  to 
2,500  cfs  in  the  reach  below  Kindred,  the  1000-foot  dam  would  only  be  capable 
of  controlling  a  lesser  frequency  flood  at  nondamaging  levels. 

The  first  costs  of  the  designs  would  range  from  $45  to  $70  million:  the 
1000-foot  flood  pool  would  cost  $45  to  $55  million,  the  1010-foot  flood  pool 
would  cost  $55  to  $65  million,  and  the  1015-foot  flood  pool  would  cost  $60 
to  $70  million.  The  average  annual  costs  for  the  designs  would  be  $4.4,  $5.2, 
and  $5.6  million,  respectively. 
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The  total  flood  control  benefits  are  based  on  operation  of  the  reser¬ 
voir  to  control  the  1-percent  chance  flood  at  Kindred  at  the  minimum 
uniform  release  rate  depending  on  the  amount  of  flood  control  storage 
available.  These  benefits  would  come  to  $13.0  million  for  the  1000-foot 
elevation  flood  pool,  yielding  a  benefit-cost  ratio  of  2.9.  The  1010-  and 
1015-foot  flood  pool  benefits  would  be  $19.5  and  $19.8  million,  respectively, 
yielding  benefit-cost  ratios  of  3.7  and  3.5. 


Revising  the  operating  plan  for  the  smaller  dam  to  control  releases 
at  nondamaging  levels  would  probably  improve  the  benefit-cost  ratio.  Addi¬ 
tional  operating  plans  and  combinations  would  need  to  be  evaluated  to  opti¬ 
mize  the  plan  levels . 


More  significant  impacts  of  constructing  a  flood  control  dam  near 
Kindred  are  discussed  below.  As  more  information  becomes  available,  the 
discussion  will  be  expanded.  Specific  data  concerning  the  types  and  amounts 
of  the  various  habitats  affected  and  a  summary  of  environmental  impacts  are 
contained  in  table  L-4. 


Table  L-3  -  Pertinent  information  on  Kindred 
(dry  reservoir  at  mile  76) 

Dam 

Design  flood  pool  elevation  (feet  msl) 

Item 

1000 

1010 

1015 

Data 

Storage  capacity  (acre-feet) 

Flood  control 

180,000 

300,000 

360,000 

Sediment 

20,000 

20,000 

20,000 

Total 

200,000 

320,000 

380,000 

Area  flooded  at  design  flood  pool 

(acres) 

9,600 

12,400 

14,000 

Dam 

Type 

— 

■Earth  fill — 

Elevation,  top  of  dam  (feet  msl) 

1010 

1020 

1025 

Height  (feet) 

79 

89 

94 

Spillway  (type) 

Gated 

Gated 

Gated 

Low-flow  outlet  works  (type) 

Gated 

Gated 

Gated 

conduit 

conduit 

conduit 

Uniform  release  rate  (cfs) 

3,000 

1,600 

1,000 

Economics 

Costs 

First  cost  ($  million) 

45  to  55 

55  to  65 

60  to  70 

Average  annual  cost  ($1,000) 

4,400 

5,200 

5,600 

Flood  control  benefits  ($1,000)^ 

13,000 

19,500 

19,800 

Benefit-cost  ratio 

2.9 

3.7 

3.5 

Net  benefits  ($1,000) 

Social  effects 

8,600 

14,300 

14,200 

Properties  acquired 

Farmsteads  and  residences 

32 

52 

57 

Recreational  dwellings 

4-H  camp 

4-H  camp 

4-H  camp 

Public  facilities 

1  church 

2  churches 

2  churches 

Other 

1  cemetery 

2  cemeteries  2  cemeteries 

(2) 

Properties  benefited 

Farmsteads  and  residences  ' 
Businesses'2' 

Public  facilities^' 

2,600 

2,600 

2,600 

167 

167 

167 

47 

47 

47 

(3) 

Persons  relocated 

100 

160 

170 

(4) 

Persons  benefited 

11,590 

11,590 

11,590 
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Table  L-3  -  Pertinent  information  on  Kindred  Dam 

_ (dry  reservoir  at  mile  76)(cont) _  ' _ 

Design  flood  pool  elevation  (feet  msl) 


Item 

1000 

1010 

1015 

Lands  required  (acres)  ^ 

12,000 

16,000 

18,000 

Total 

(25,000) 

(31,000) 

(36,000) 

Cropland 

4,100 

5,400 

5,900 

Other 

7,900 

10,600 

12,100 

(2) 

Lands  benefited 

Cropland (2) 

50,000 

50,000 

50,000 

Urban (2) 

1,000 

1,000 

1,000 

Transportation  -  roads 

severed 

11 

14 

14 

Flood  damage  reduction  effectiveness: 

Reduces  total  flood  damages  (percent) : 

Valley  City 

0 

0 

0 

West  Fargo 

55 

85 

85 

Total  Sheyenne  River 

45 

70 

70 

Reduces  1-percent  chance  flood  level 

Valley  City 

0 

0 

0 

West  Fargo 

(6) 

(6) 

(6) 

(1)  Based  on  operation  to  control  1-percent  chance  flood  at  Kindred  to  the 
minimum  uniform  release  rate  based  on  amount  of  flood  control  storage  available. 

(2)  Properties  benefited  along  the  Sheyenne  River;  does  not  include  benefits 
along  Red  River  of  the  North.  At  Grand  Forks,  North  Dakota,  about  2,400  resi¬ 
dences,  200  businesses,  and  40  public  buildings  would  benefit.  Additional 
areas  along  the  Red  River  would  also  benefit. 

(3)  Based  on  approximately  three  persons  per  residence;  does  not  include 
relocations  from  fish  and  wildlife  mitigation  lands. 

(4)  Benefited  by  reduced  flood  damages  along  the  Sheyenne  River;  does 
not  include  Red  River  of  the  North. 

(5)  Only  the  total  figure  in  parentheses  includes  fish  and  wildlife 
mitigation  lands;  the  breakdown  of  types  of  lands  does  not  include  mitiga¬ 
tion  lands. 

(6)  Flood  levels  would  be  significantly  reduced  in  the  West  Fargo  area; 
however,  the  amount  of  reduction  for  a  specific  flood  would  depend  in  part 
on  the  backwater  effects  from  the  Maple  River  and  the  Red  River  of  the  North. 
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Impact*  associated  with  Kindred  Da»  al terns t Ives 

lapse! _ _ 

Dry  dam 

. elevation  ^1010 _ 


Wat  d.cm  -  cl c vat  lot.  1015 
U^r&ant-iit  pool  975 } 


Design  pool  would  affect  5,h>>5  fclm  • 
woodland;  Infrequent  floods  would  af¬ 
fect  another  7  25  acre*. 


Design  pool  would  affect  4,5*0  acre*  of  wood-  Design  pool  would  affect  5,h>>5  *iTe»  --t  lieslgn  pool  would  affect  6.1)0  aifes 

land  (1.  10,  and  19  percent  of  the  woodland  woodland;  Infrequent  floods  would  at-  of  woodland.  1,470  acres  would  In¬ 
in  the  State,  Richland  and  Hansom  oounlles.  feet  another  7  75  acre*  permanent Iv  lost  In  I  hr  conservation 

anj  Ransom  Count > ,  respectively).  Infrequent  pool.  A  wet  daa  create*  sore  ad- 

t  loud*  would  affect  an  additional  tf)5  acres.  verse  impacts  titan  a  dry  daa.  Con¬ 

servation  pool  would  he  1  iX)  percent 
lost.  Dry  Jams  would  he  slightly 
less  than  100  percent,  depending 
tin  recovery  and  flooding  regia*. 

Woodlands  In  the  lower  basin  are  e*>  eaely  valuable  a*  food/cover  for  wildlife  i  .«i«-  used  -n-avlh  by  i>lrd»,  deer,  and  other 
mi  hi  1 1  The  area  provides  habitat  for  many  rare  species  of  bird*  in  North  Dak  t-t  An  experimental  planting  of  Stott  h  pine 
obtained  from  Russia  would  be  destroyed;  this  planting  Is  not  replaceable.  Al ’  t  these  variations  would  have  v«-.  .  signifi¬ 
cant  Impacts  on  the  woodland  and  wildlife  in  this  portion  of  North  Dakota-  Wind. an.)  Is  extremely  rate  in  North  liakot#  and 
continued  wildlife  production  depends  on  its  preservation.  I  hr  woodland  ,s  particularly  import  aiit  tv  deer. 


Design  pool  would  affect  1,610  icrwi  in¬ 
frequent  floods  would  affect  another  525 


Design  pool  would  affect  -,*>,’5  acres; 
Infrequent  flood*  would  affr.  r  another 
600  acres. 


Wildlife  use  of  cropland  is  llgnt.  b 
abundant  outside  of  the  valley  proper 


,■  .  of  cropland  at,-  n 
Pish  .inJ  wildlife  1 


Design  pool  would  affect  1,1*5  acres;  in¬ 
frequent  flood*  would  affect  another  Jon 


•esign  pot -I  w!,,ild  affect  1.7n 
infrequent  floods  would  affe. 


;«-« lg::  pool  would  affei't  5,.1 ’*>5 
a.  res;  1,270  at  re*  would  he  In  i 
permanent  j  nnl 


would  affect  J.ulj 
a.  tea,  would  t>e  1'Vl  ;>t< 

I  n  t  •.«■  permanent  pool. 


Most  of  the  grassland  sites  visited  were  grazed  or  hayed  and  ther-tit*  wete  it  motU-rale  wildlife  value-  Inter wper*l«t.  -lth 
other  laMtal  types  Increase  .-.ilue  «•!  ..rasaland-  Some  area*  ar,  used  tel  glaring  l"  •  ■<■ii.ii  Sal  it  u.il  i.ra»'lai'J» 

Some  economic  Impacts  would  result  from  (educed  grating  i  apa*  I  ’■  %  .  f  PI  e;c.  t  ,  ■  l'«h.  n.-a-  vulJ  'e  .-ntlfrlv  ur.sult 

able  for  gracing.  All  three  alteruai  ive*  would  liavc  btgnifiranl  adverse  «It«c.i»  w..  gcassiao^s.  Pi*un.  kuisia.  p»*uaw 
lions  (very  rare)  are  concentrated  in  the  grassland  areas. 


Design  pool  would  affect  275  acres;  In¬ 
frequent  floods  would  affect  another 
40  acres. 


Design  pool  i 
infrequent  I 


muIJ  *!letf  |5J  acres. 


L he  wetlands  in  mis  area  provide  good  to  t-*«  .  ||<nt 
areas  are  oxbows  or  marsh  area*  <n  upli  ts.  ►  ;.»•  iu 
shoreline,  mud  flats,  and  weeds  growth  lr  •  J.sjrili 

About  4U  river  miles  affected.  V  -.1 

The  dry  dam  may  have  a  benefit  downstream  J4„.  f 
level*,  etc,  the  duration  of  storage  would  >.*•  suffi, 
tatlor).  (hereby  reducing  or  eliminating  soon  ti*her. 
stream  of  the  Jam  may  create  a  high  oxygen  Jervm.i  m. 
Invertebrate  populations  wouli  be  killed  in  the  p.wl 
water  characteristics. 


Ran*  plants  and 
animals 


There  are  19  species  of  plants  found  in  the  impoundment  ar,-j  :  '<ai  .ire  .- 
plants  have  their  greatest  abundance  in  this  area.  '«•  -  *, .  •«••. 

State  nest  in  this  ecosystem,  and  several  *t‘er  rare  ‘ir's  nest  i«-  •  ■ 

The  drv  Jam  would  s  reals-  a  large  area  ol  dead  v.  at  ion,  hat*  -Mill- 
weedy  growth  which  would  cause  erosion  problems  around  t  hr  rrs«-rv<*ir. 
from  the  dry  Jam  would  probahlv  be  more  turMJ  and  contain  *w-r,  nmi  n  : 
flows  from  a  wet  dam.  Ttwcv  mas  b*  lews  product ivlt v  in  the  dr »  da*. 
**>uld  be  possible. 


The  distinctive  riparian  lands,  ape  could  be  inundated  up  to  Jt>»*  dav*.  i.os»  »l 
vegetation,  potential  Increases  In  erosion  of  valley  walls,  invasion  of  le«*  de¬ 
sirable  weedy  species,  and  wildlife  peculation  decline  are  significant  negative 
aesthetic  effects.  In  vegetated  shoreltnr  would  be  scat  hel  1, a  1 1  v  unde*  trai-le  . 
Reduction  of  flood  damages  is  a  positive  effect. 


Planning  .constraint* 


E.O .  1 1988  (Flood¬ 
plain) 


E.O.  11990  (Wet¬ 
lands) 


imps,  n  would  be  similar  i 
of  a  Jfv  dam. 


Project  wuld  modify  some  floodplain  lands,  redui  c  the  site  of  the  downstream  floodplain,  possible  . hange  the  nature  of  fut 
development  downstream,  and  mav  change  land-use  patterns. 

The  dams  would  affect  some  excellent  wetland  habitat .  The  wet  dam  would  permanently  destroy  some  wetland*.  The  upstream 
end  of  the  permanent  pool  mav  create  some  wetland.  Modified  sedimentation  pattern*  and  storage  patterns  would  adversely 


affect  some  wetlands. 

Preserve  river-  The  dry  Jar.s  because  of  the  frequency  and  durat ion  .if  flooding,  would  destroy  or  modtrv  The  permanent  p >ol  would  destroy 

Ine  environment  a  large  portion  of  (he  river  corridor.  Undesirable  weedv  vegetation  of  lower  wildlife  1,250  acres  of  riverine  envlron- 

value  would  invade  the  area.  ment ;  the  flood  pool  destroys  or 

severely  modifies  a not  her  ||,*Sn 
acres.  Severe,  aigui  f it  ant  Im¬ 
pacts  result. 

Federal  threatened  There  are  no  known  impacts  on  Federal  threatened  or  endangered  specie*.  The  bald  eagle  and  peregrine  ial.on  (endangered)  mav 

and  endangered  migrate  through  the  area  but  do  not  nest  there.  the  Dakota  skipper  butterfly  (proposed)  Is  from  the  area  and  would  be 

species  adversely  affected. 

•ederal  and  State  All  of  the  alternatives  are  located  in  the  area  that  has  been  selected  for  sludv  for  possible  inclusion  into  |>,r  Federal  sys- 
Wlld  and  Scenic  tern.  All  alternatives  would  preclude  future  Inclusion  into  the  system.  The  State  also  considered  this  portion  of  the  river 

River*  for  possible  State  status.  Impacts  would  he  similar.  About  JO  miles  of  river  would  be  affected  by  the  conservation  pool; 

up  to  55  miles  would  be  affected  by  the  flood  pool. 

Areas  of  rr I cleat  nst  I  on a  1  imp -r fence 

,;ame  management  area -y  Ml  alternatives  would  affect  the  Mirror  Poola  Came  Management  Area  which  has  been  identified  bv  the  Citizen*  uwmslttee  as 
refuges,  national  priority  area  for  preservation.  Part*  of  the  Sheyenne  National  Grasslands  would  be  inundated  by  the  pool*,  i.routidvaier 

grasslands,  etc.  level  increases  (resulting  from  a  permanent  pool  only)  would  change  the  vegetation  patterns  In  the  Sandhills  area  which  would 

change  wildlife  use.  domestic  grating  values,  etc.  Impacts  increase  as  pool  levels  increase  and  «■  permanent  storage  occurs, 
although  all  alternatives  are  significantly  adverse. 


Cultural  resources 


Four  known  historic  sites  and  11  known  prehistoric  sites  exist  within  the  design  pool 
(elevation  1017).  Many  mnre  undetected  sites  say  exist  within  the  da*  area.  The  drv 
dam  alternative  wiuld  cause  erosion  problems  which  would  have  an  adverse  effect  on 
cultural  resources.  An  alternating  wei-dry  cycle  may  accelerate  decomposition  of  certain 
types  of  cultural  materials. 


Two  known  historic  sites  would  be 
permanent Iv  Inundated  bv  the  perman¬ 
ent  pool  as  might  other  undetected 
sites.  The  effect*  of  erosion  m*v 
affect  otb«r  sites  located  slons 
the  per letter  of  the  permanent 
pool.  Inundation  may  accelerate 
dec , mpqgttlM  or  certain  types  of 
cultural  materials. 


Kindred  Dam  would  affect  a  large  area  of  diverse  vegetation  and 
wildlife  which  is  currently  relatively  free  from  human  disturbance. 

The  many  species  of  rare  plants  found  in  the  area  between  Kindred  and 
Anselm  provide  habitat  for  several  rare  species  of  wildlife,  including 
the  pileated  woodpecker  and  barred  owl. 

The  woodland  in  the  basin  is  very  important  for  wildlife  species, 
particularly  white-tailed  deer  which  use  the  area  extensively  for 
winter  cover.  The  number  of  deer  seen  during  the  winter  aerial  sur¬ 
veys  of  the  lower  basin  was  40  percent  higher  in  1977  than  the  pre¬ 
vious  year.  Other  upland  and  lowland  species  of  wildlife  also  use 
these  wooded  areas  extensively. 

At  elevation  1000,  the  design  pool  of  the  smallest  dry  dam  alter¬ 
native  would  affect  1,  10,  and  19  percent  of  the  woodland  in  the  State, 
Richland-Ransom  Counties,  and  Ransom  County,  respectively.  This  loss 
would  be  significant  in  a  State  that  is  only  1-percent  forested.  The 
aesthetic  and  wildlife  value  of  these  woodlands  is  very  high  and  to 
some  degree  irreplaceable.  According  to  stage-duration-frequency  curves, 
the  area  below  about  elevation  975  feet  would  be  inundated  frequently 
enough  and  for  sufficient  durations  to  modify  much  of  the  existing 
vegetation.  Although  an  occasional  scattered  tree  might  escape  the 
flooding  or  be  regrown  between  floods,  dominant  species  would  probably 
be  weeds  and  small  water-tolerant  brush. 

If  a  dry  dam  is  justified,  a  small  conservation  pool  could  be  added 
to  provide  storage  for  recreation  and  conservation;  however,  it  would 
completely  destroy  1,470  acres  of  woodland  which  accounts  for  4  percent 
of  the  woodland  in  the  basin  and  28  percent  of  the  woodland  in  Ransom 
County.  This  amount  does  not  include  the  significant  losses  that  would 
occur  in  the  flood  pool.  It  would  take  a  number  of  years  after  a  large 
flood  for  the  area  to  recover,  depending  on  the  habitat  type  and  sub¬ 
sequent  flooding. 
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An  experimental  shelterbelt  planting  of  Scotch  pine  in  the  pool 
area  would  be  periodically  flooded.  The  seed  was  obtained  from  the 
Russian  Government  and  is  deemed  to  be  irreplaceable.  The  test  plant¬ 
ing  is  less  than  halfway  to  the  age  where  performance  data  can  be  eval¬ 
uated.  On  the  basis  of  frequency  curves,  the  trees  are  in  an  area  that 
would  have  an  inundation  frequency  of  about  5  percent.  The  duration  and 
elevation  of  flooding  could  be  sufficient  to  kill  the  trees. 

The  wildlife  value  of  affected  cropland  is  low.  The  edges  of  the 
cropland  are  most  heavily  used  by  rodents  and  birds  and  provide  value 
through  their  interspersion  with  other  habitat  types.  Cropland  is 
abundant  outside  the  valley  proper.  This  fact,  coupled  with  the  relatively 
low  wildlife  value  of  the  cropland,  results  in  rather  insignificant 
fish  and  wildlife  impacts  through  the  loss  of  cropland.  The  alternatives 
would,  however,  be  located  in  an  area  that  has  been  classified  as  prime 
farmland  by  the  Soil  Conservation  Service. 

Grassland  would  be  adversely  affected  by  all  three  alternatives. 

Most  of  the  grassland  in  the  project  area  is  grazed  or  hayed  and,  there¬ 
fore,  of  moderate  wildlife  value.  The  grassland  does,  however,  provide 
habitat  for  many  species  that  require  open  or  edge  habitat.  The  inter¬ 
spersion  value  of  the  grassland  is  important.  In  addition,  some  areas 
in  the  Sheyenne  National  Grasslands  are  leased  to  local  interests  for 
grazing.  As  a  result,  reduced  or  eliminated  grazing  capacity  would  have 
some  economic  impact  on  these  individuals. 

The  regrowth  of  weedy  vegetation  or  other  less  desirable  forage  species 
would  make  these  areas  unsuitable  for  grazing  by  domestic  livestock.  As  a 
result  of  inundation,  the  regrowth  would  also  be  undesirable  for  many  wild¬ 
life  species.  (See  Appendix  D  for  a  discussion  of  the  effects  of  inunda¬ 
tion  on  vegetation.) 


The  wetlands  In  this  area  usually  consist  of  abandoned  oxbows. 

These  oxbows  provide  good  to  excellent  habitat  for  furbearers,  water- 
fowl,  and  nongame  semiaquatic  species.  The  fluctuating  water  levels 
in  the  frequently  inundated  areas  would  kill  much  of  the  vegetation, 
create  bare  shorelines,  and  result  in  mud  flats  and  weedy  growth  less 
desirable  for  wildlife. 

Both  adverse  and  beneficial  fish  impacts  would  be  associated  with 
a  dry  dam  at  Kindred.  The  dry  dams  would  affect  45  to  55  miles  of  river. 
These  alternatives  have  the  potential  to  benefit  the  downstream  fishery 
through  increased  flows,  higher  oxygen  levels,  etc.  In  the  reservoir 
itself,  fish  habitat  could  be  reduced,  higher  oxygen  demands  could  result 
in  fish  kills,  and  invertebrate  populations  would  be  affected.  The  limited 
fish  benefits  downstream  would  not  appear  to  offset  the  impacts  incurred 
in  the  pool  area. 

North  Dakota  has  few  endemic  species.  The  flora  of  the  area  is 
a  derived  one  in  that  the  species  that  occur  here  have  evolved  elsewhere 
and  have  migrated  into  the  area.  Many  species  have  their  limits  of  dis¬ 
tribution  within  the  boundaries  of  North  Dakota.  As  a  result,  there  are 
many  species  of  rare  occurrence  in  North  Dakota. 

Nineteen  species  of  plants  found  in  the  impoundment  area  are  not 
found  elsewhere  in  North  Dakota.  Some  of  these  are  bloodroot  (Sanguianaria 
canadensis) ,  bedstraw  (Galium  sp.),  burning  bush  (Euonymus  atropurpureus) , 
false  Solomon's  seal  (Smilacina  racemaea) ,  and  black  snakeroot  (Sanicula 
gregaria) .  This  area  of  the  State  is  unique  in  that  it  is  capable  of  sus¬ 
taining  these  plant  species.  Just  as  important  as  the  plants  themselves 
are  the  microclimate  and  phytosociological  characteristics  of  the  area  that 
make  it  possible  for  these  species  to  exist  there.  The  area  and  the  vege¬ 
tation  have  aesthetic,  wildlife,  genetic,  recreational,  social,  and  economic 
importance. 


\ 


In  addition  to  the  species  listed  above,  31  other  plants  have  their 
greatest  abundance  in  this  area.  Some  of  these  include  sensitive  fern 
(Onoclea  sensiblis) ,  jack-in-the-pulpit  (Arisrema  tryphyllum) ,  wild 
ginger  (Asarum  canadense) ,  and  basswood  (Tilia  americana) .  These  species 
are  most  abundant  in  the  lower  basin  or  attain  their  largest  size  there. 

For  example,  in  the  lower  basin,  basswood  attains  a  size  and  distribu¬ 
tion  not  matched  elsewhere  in  North  Dakota. 

With  this  rare  plant  community  of  the  lower  Sheyenne  River  basin 
and  the  sandhills  is  associated  a  unique  population  of  birds  and  amphi¬ 
bians  that  are  rare  in  North  Dakota.  The  barred  owl  and  cerulean  warbler 
nest  only  in  this  area  of  North  Dakota.  In  addition,  several  other  birds 
classified  as  rare  in  North  Dakota  nest  in  this  ecosystem:  scarlet  tanager , 
yellow-billed  cuckoo,  yellow-bellied  sapsucker ,  yellow-throated  vireo, 
pileated  woodpecker,  green  heron,  and  American  woodcock.  Also,  the  wood 
frog  and  red-sided  garter  snake  have  been  noted  only  in  this  area  of 
the  State.  In  addition,  about  95  percent  of  the  State's  population  of 
prairie  chickens  is  found  in  the  sandhills  area.  The  exact  impacts  on 
vegetation/wildlife  of  raised  water  levels  in  conjunction  with  a  permanent 
conservation  pool  have  not  been  fully  evaluated.  However,  additional 
evaluations  by  th  U.S.  Geological  Survey^  Indicate  that  potential  raises 
of  groundwater  in  adjacent  areas  is  significantly  less  than  predicted  in 
its  earlier  (1974)  reports. 


The  types  of  water  quality  impacts  associated  with  wet  and  dry  dams 
are  similar;  they  vary  mainly  in  magnitude.  Fluctuating  water  levels, 
denuded  shorelines,  dead  vegetation,  and  sparse  weedy  vegetation  would 
encourage  erosion,  giving  the  reservoir  what  is  commonly  referred  to  as 
a  "bathtub  ring"  appearance.  The  dry  dams,  because  of  the  larger  fluctuations 


(1)  Supplement  to  Predictive  Modeling  of  Effects  of  the  Planned  Kindred  Lake  on 
Ground-Water  Levels  and  Discharge.  Southeastern  North  Dakota,  U.S.  Geological 
Survey,  June  1981. 
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would  probably  create  more  erosion.  The  permanent  pool  in  the  wet  dam 
would  act  as  a  sediment  and  nutrient  trap.  Thus,  the  outflow  from  the 
dry  dam  would  probably  be  more  turbid  and  contain  more  nutrients  than 
the  wet  dam  outflow.  Algal  blooms  would  probably  occur  with  the  wet 
dam  and  might  be  possible  with  the  dry  dam.  The  permanent  pool  might 
produce  higher  groundwater  levels  in  surrounding  land  which  could  change 
the  vegetative  composition  and  forage  values  for  domestic  and  wild  grazing 
species.  An  increase  in  groundwater  levels  also  could  render  some  areas 
unsuitable  for  growing  crops. 

The  lower  Sheyenne  River  basin  has  very  high  aesthetic  qualities  be¬ 
cause  of  its  distinctive  riparian  landscape.  The  alternatives  would  destroy 
some  of  these  qualities  through  permanent  inundation  and/or  temporary  in¬ 
undation  lasting  up  to  200  days.  The  loss  of  vegetation,  increased  erosion 
of  valley  walls,  loss  of  wildlife,  and  invasion  of  less  desirable  weedy 
species  would  have  significant  negative  aesthetic  impacts. 

All  Kindred  Dam  alternatives  would  be  incompatible  with  the  objec¬ 
tive  of  preserving  the  riverine  environment.  Permanent  and  temporary 
inundation  would  destroy  much  of  the  vegetation  and  result  in  the  invasion 
of  less  desirable  weedy  species.  The  impacts  on  vegetation,  aesthetics, 
and  wildlife  would  be  significant. 

These  alternatives  are  not  anticipated  to  have  adverse  effects  on 
any  Federal  threatened  or  endangered  species.  The  bald  eagle,  whooping 
crane,  and  peregrine  falcon  may  be  found  in  the  area  during  migration 
but  do  not  nest  in  the  area.  The  Dakota  skipper  butterfly  (proposed 
species)  is  found  in  the  area  in  association  with  ungrazed  prairie  land 
and  would  be  adversely ' affected  by  the  Kindred  Dam  alternatives. 

All  of  the  alternatives  would  be  located  in  the  area  that  is  being 
considered  for  inclusion  in  the  Federal  system  of  wild  and  scenic  rivers. 

All  alternatives  would  work  against  inclusion  of  the  area  in  the  system. 

The  dry  dam  would  have  the  least  impact  but  is  still  considered  negative. 


The  State  of  North  Dakota  has  also  considered  this  portion  of  the  river 
for  possible  State  wild  and  scenic  river  status.  The  State  selection 
criteria  are  similar  to  the  Federal;  therefore,  the  impacts  would  be 
similar. 

If  a  wet  pool  were  implemented,  the  normal  conservation  pool  level 
would  probably  range  in  elevation  from  950  to  980  feet  msl.  The  mainte¬ 
nance  of  a  permanent  pool  would  have  direct  adverse  impacts  on  the 
potential  of  15  to  30  river  miles  for  designation  as  wild  and  scenic 
river  (depending  on  which  conservation  pool  design  was  implemented). 

The  flood  pools  would  periodically  back  up  behind  Kindred  Dam,  regardless 
of  whether  the  proposed  dam  is  dry  or  wet,  and  would  affect  45  to  55 
river  miles.  The  wild  and  scenic  river  designation  potential  of  this 
river  segment  would  be  significantly  and  adversely  affected.  The  Kindred 
Dam  alternatives  would  not  affect  the  wild  and  scenic  river  potential  of 
the  river  segment  from  Valley  City  to  the  upstream  flood  pool  (river 
mile  121  or  131  depending  on  the  selected  design).  Reservoir  operation 
(manipulation  of  river  flow)  could  have  some  minimal  indirect  adverse 
effects  on  downstream  portions  of  the  river  from  the  dam  (river  mile  76) 
to  Horace  (river  mile  43). 

If  a  Kindred  Dam  alternative  were  built,  the  Mirror  Pools  GMA  (Game 
Management  Area)  in  Richland  and  Ransom  Counties  would  be  adversely  af¬ 
fected.  This  GMA  is  547  acres  in  size.  Game  management  is  aimed  at 
white-tailed  deer,  but  squirrels,  pheasants,  cottontail  rabbits,  and 
waterfowl  are  also  abundant.  An  outstanding  feature  of  this  GMA  is  a 
series  of  spring-fed  ponds.  These  ponds  and  their  associated  biota  form 
a  unique  ecosystem  not  duplicated  anywhere  else  in  the  basin.  Originally, 
the  North  Dakota  Game  and  Fish  Department  planned  to  develop  these  ponds 
for  fish  production.  However,  constraints  on  manpower  and  funding  have 
inhibited  development. 
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A  Federal  area  that  could  be  adversely  affected  by  the  alternatives 
is  the  Sheyenne  National  Grasslands.  This  area  is  administered  by  the 
National  Forest  Service  to  help  promote  grassland  agriculture.  Although 
wildlife  management  is  not  one  of  its  primary  objectives,  the  grass¬ 
land  provides  quality  habitat  for  a  variety  of  wildlife  species.  Although 
a  Kindred  Dam  alternative  would  adversely  affect  some  of  the  more  wooded 
areas  of  the  grasslands,  the  potential  effects  of  an  increased  groundwater 
level  are  also  of  concern.  Studies  completed  by  the  U.S.  Geological  Survey 
and  North  Dakota  State  University  make  it  possible  to  predict  these  im¬ 
pacts;  however,  the  actual  impacts  have  not  been  determined.  A  preliminary 
analysis  indicates  that  these  effects  would  be  limited  in  both  area  af¬ 
fected  and  amount  of  change  induced.  A  habitat  analysis  was  completed  on 
both  the  grassland  and  wooded  portions  of  the  National  Grasslands.  Com¬ 
pensation  for  the  loss  of  wooded  areas  is  contained  in  the  mitigation 
figures.  Compensation  for  the  loss  of  grassland  outside  the  project  area 
would  be  determined  when  the  aforementioned  study  is  completed. 

All  three  of  the  dam  designs  would  involve  the  acquisition  of  pro¬ 
perties.  The  1000-foot  elevation  flood  pool  design  would  affect  32  farm¬ 
steads  and  residences,  1  4-H  camp,  1  church,  and  1  cemetery.  The  1010- 
foot  elevation  flood  pool  design  would  affect  52  farmsteads  and  residences, 
1  4-H  camp,  2  churches,  and  2  cemeteries.  All  three  sizes  would  benefit 
2,600  farmsteads  and  residences,  167  businesses,  and  47  public  facilities 
along  the  Sheyenne  River.  These  benefits  do  not  include  other  areas  along 
the  Red  River  of  the  North  which  would  also  benefit  from  an  alternative 
of  this  magnitude.  For  example,  at  Grand  Forks,  North  Dakota,  about  2,400 
residences,  200  businesses,  and  40  public  buildings  would  also  benefit. 

Estimating  3  persons  per  residence  and  using  the  number  of  residences 
acquired  for  each  design,  approximately  100  persons  would  have  to  be 
relocated  for  the  1,000-foot  elevation  flood  pool  design,  160  persons  for 
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the  1010-foot  elevation  flood  pool  design,  and  170  persons  for  the  1015- 
foot  elevation  flood  pool  design.  However,  this  alternative  would  bene¬ 
fit  about  11,590  persons  along  the  Sheyenne  River  by  reducing  flood 
damages.  People  along  the  Red  River  of  the  North  would  also  benefit. 

Noise  levels  would  be  temporarily  increased  during  reservoir  and 
dam  construction.  However,  because  of  the  rural  character  of  the  area 
and  the  distances  from  people  who  might  be  affected,  the  increases  would 
not  significantly  affect  any  individuals  or  groups. 

Populations  in  West  Fargo  and  Riverside  and  rural  areas  between  Kindred 
and  West  Fargo  might  increase  as  a  result  of  the  Kindred  Dam.  By  protect¬ 
ing  these  floodplain  areas,  the  alternative  may  induce  greater  development 
in  the  area  currently  defined  as  floodplain.  However,  residential  develop¬ 
ment  of  floodplain  areas  in  the  West  Fargo  area  is  increasing  rapidly  despite 
the  absence  of  any  urban  flood  protection.  This  development  appears  to  be 
supported  in  part  by  the  guarantee  against  large-scale  loss  provided  by 
the  Federal  Flood  Insurance  Program  and  by  lower  development  costs  than 
in  non-floodplain  areas. 

Kindred  Dam  would  have  a  significant  impact  on  aesthetics.  The 
protection  that  this  alternative  would  provide  for  West  Fargo  and  River¬ 
side  would  benefit  aesthetics  by  preventing  further  deterioration  of 
existing  structures  in  the  floodplain  and  the  temporary  visual  blight 
caused  by  deposition  of  mud  and  debris  during  floods.  However,  this 
alternative  would  alter  the  character  of  a  regionally  significant  scenic 
stretch  of  the  Sheyenne  River.  It  would  also  require  the  clearing  of  a 
large  area  of  bottomland  hardwood  trees  and  some  prime  waterfowl  habitat. 

It  would  inundate  4,400  acres  of  hardwoods  and  600  acres  of  wetlands  on 
a  temporary  basis. 
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Recreation  in  the  grasslands  would  also  be  affected  by  a  permanent 
pool.  Public  use  of  the  grasslands  would  increase  somewhat  because  of 
the  increased  visitation  to  the  reservoir  area.  Recreational  activities 
associated  with  the  reservoir  might  increase  public  use  and  result  in  a 
loss  of  solitude.  This  alternative  might  also  threaten  some  of  the  more 
vulnerable  historic  and  archaeological  sites  in  the  area. 

The  major  use  of  the  grasslands  by  area  residents  has  been  live¬ 
stock  grazing.  Not  all  people  in  the  area  have  grazing  permits  on  the 
grasslands,  but  those  who  do  depend  on  this  grazing  to  maintain  their 
operations.  The  current  contribution  to  the  local  economy  of  livestock 
grazing,  nonresident  recreation  use,  and  water  production  on  the  Sheyenne 
National  Grasslands  is  estimated  to  be  less  than  1  percent  of  the  total 
income  for  Ransom  and  Richland  Counties.  Employment  attributed  directly 
to  output  from  the  Sheyenne  National  Grasslands  is  relatively  minor  when 
the  area  as  a  whole  is  considered,  but  the  grasslands  are  very  important 
to  the  operations  of  102  ranches  who  do  have  permits  and  whose  operations 
would  be  threatened  without  the  use  of  the  grassland.  If  the  Kindred  Dam 
alternative  were  to  alter  vegetative  patterns  enough  to  decrease  grazing 
potential,  the  adverse  consequences  could  be  significant.  This  impact 
would  be  particularly  serious  because  this  group  of  farmers  and  ranchers 
would  already  be  significantly  affected  by  the  required  acquisition  of 
lands. 


The  effects  on  the  Sheyenne  National  Grasslands  of  an  increase  in 
groundwater  levels  caused  by  a  dry  dam  at  Kindred  would  probably  be  minor 
because  of  the  temporary  nature  of  the  storage. 

The  Kindred  Dam  alternative  would  require  the  relocation  of  13  road 
crossings  in  the  pool  area.  Because  of  the  minor  traffic  volume  on  most 
of  these  roads,  a  number  of  them  could  be  permanently  displaced.  This 
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action  would  increase  transportation  distances  for  the  local  farmers 
and  ranchers  who  constitute  the  main  users.  A  number  of  these  roads 
may  be  access  roads  primarily  for  area  residents  who  would  be  displaced 
by  this  alternative;  therefore,  they  would  no  longer  be  needed  following 
project  construction.  The  Kindred  Dam  alternative  would  prevent  much 
of  the  temporary  disruption  of  major  and  minor  transportation  routes 
which  occurs  in  the  West  Fargo  area  during  large  floods. 

The  Kindred  Dam  alternative  would  have  a  major  effect  on  community 
cohesion  in  the  Kindred  and  West  Fargo  areas.  In  the  Kindred  area,  32 
to  57  farmsteads  and  residences  would  have  to  be  relocated.  Many  of 
these  potential  acquisitions  are  family  homesteads  which  have  been  held 
for  two  or  three  generations,  and  the  feelings  of  shared  community  and 
ties  to  the  land  are  quite  strong.  Local  public  facilities,  including 
churches,  cemeteries,  and  a  4-H  camp  would  also  have  to  be  acquired. 

The  readjustment  of  local  community  patterns  required  by  these  relocations 
might  prove  severe.  Local  opposition  to  this  alternative  has  been  signifi¬ 
cant  since  before  the  reformulation  study,  and  this  opposition  does  not 
appear  to  have  diminished.  The  relocation  of  families  in  a  primarily  rural 
area  has  a  large  potential  for  hardship  cases  and  problems  in  finding  suit¬ 
able  replacement  housing  and  farmlands  and  ranchlands.  The  problems  could 
lead  to  project  delays,  litigation  actions,  and  increased  opposition  both 
to  this  alternative  and  the  study  process  as  a  whole.  This  alternative 
might  also  require  special  mitigation  actions  for  people  relocated  by  the 
project,  and  opposition  to  the  extensive  fish  and  wildlife  mitigation  land 
required  might  arise. 

Nevertheless,  this  alternative  would  benefit  community  cohesion  in 
the  Horace-West  Fargo-Harwood  area  by  encouraging  confidence  in  the  per¬ 
manence  of  present  homes ites  and  full  commitment  to  long-term  community 
problems  and  plans.  The  protection  from  flooding  would  enhance  the  via¬ 
bility  of  the  portion  of  West  Fargo  that  suffers  periodic  large-scale 
flooding. 
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The  Kindred  Dam  alternative  would  affect  community  growth  in  both 
West  Fargo  and  Kindred.  Property  tax  revenues  in  West  Fargo  would 
probably  increase  slightly  if  this  alternative  were  implemented.  This 
additional  tax  revenue  would  result  from  increased  property  values  for 
flood-prone  structures  that  would  be  protected  by  Kindred  Dam.  How¬ 
ever,  tax  revenues  in  the  Kindred  area  would  decrease  because  of  the 
relocation  of  some  residents. 

The  relocation  of  families  in  the  Kindred  area  would  have  an  ad¬ 
verse  impact  on  community  growth.  Kindred  functions  primarily  as  an 
agricultural  service  center,  supplying  farmers  and  ranchers  in  the 
immediate  area.  If,  because  of  the  relocation  action,  a  number  of 
those  farmers  or  ranchers  were  no  longer  engaged  in  those  pursuits  and 
their  lands  were  removed  from  agricultural  production,  the  amount  of 
business  to  retail  trades  and  agricultural  service  firms  would  decrease. 

The  Kindred  Dam  alternative  would  benefit  public  services  in  the 
West  Fargo  area  during  floods.  Benefits  would  include  protection  of 
water  supply  and  sewer  systems  and  transportation  routes  as  well  as 
reduction  of  the  stress  placed  on  fire  and  police  services  during 
floods. 

The  Kindred  Dam  alternative  would  temporarily  increase  employment 
in  the  construction  trades.  However,  any  permanent  increases  in  em¬ 
ployment  would  be  minor,  and  this  alternative  could  in  fact  impose 
permanent  employment  losses  in  agriculture  and  ranching.  Lands  bought 
in  fee  title  for  the  reservoir  storage  pool  and  wildlife  habitat  miti¬ 
gation  would  no  longer  be  in  direct  economic  production.  A  number  of 
farm  workers  might  no  longer  be  needed. 

Depending  on  the  number  of  local  versus  nonlocal  workers,  construc¬ 
tion  of  Kindred  Dam  could  result  in  an  influx  of  several  hundred  construc¬ 
tion  workers  and  portions  of  their  families.  The  communities  most  likely 
to  house  these  workers  would  be  Kindred,  Horace,  West  Fargo,  Fargo,  and 
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possibly  the  smaller  communities  within  a  20-mile  radius  of  the  site. 

A  severe  strain  could  be  placed  on  the  facilities  and  services  in  the 
smaller  communities.  The  available  housing  in  these  communities  would 
not  be  sufficient  to  accommodate  the  demand  created  by  the  influx  of 
workers,  and  many  of  these  construction  families  would  probably  live 
in  mobile  homes.  Local  schools  might  be  negatively  affected  if  in¬ 
creased  enrollments  exceed  school  capacities.  Fargo  and  West  Fargo 
are  expected  to  be  able  to  absorb  any  of  these  increases  because  of  their 
larger  populations  and  service  structures. 

Aside  from  impacts  on  schools,  housing,  and  public  services,  the 
communities  would  be  expected  to  undergo  little  physical  change.  Ex¬ 
perience  has  shown  that  most  construction  "boom  towns"  rapidly  revert 
to  preproject  population  levels  when  construction  is  completed.  How¬ 
ever,  to  the  extent  that  smaller  communities  alter  their  facilities  or 
service  structures  to  accommodate  this  transient  population,  they  could 
be  left  with  oversized  and  expensive  facilities  they  would  be  unable 
to  maintain  once  their  populations  returned  to  normal. 

The  introduction  of  several  hundred  construction  workers  and  their 
families  into  small  towns  near  the  project  area  could  pose  a  threat  to 
community  cohesion.  Immigrating  workers  often  introduce  new  life 
styles  and  goals  not  commonly  held  by  local  residents.  Controversy 
resulting  from  overcrowded  schools,  strains  on  local  utilities  and 
services,  and  higher  income  levels  of  construction  workers  might  cause 
considerable  resentment  in  the  resident  population  and  initiate  con¬ 
flict  both  on  the  local  level  and  between  residents  and  local  and 
Federal  governments. 

Some  of  the  adverse  effects  discussed  above  can  be  reduced  by  ade¬ 
quate  planning  before  construction.  Any  action  which  would  result  in  a 
large  influx  of  temporary  workers  to  a  primarily  rural  area  should  involve 
planning  for  these  potential  problems.  A  program  to  absorb  these  workers 
should  be  developed  by  the  agency  and  the  local  sponsor  if  this  alternative 
is  implemented. 
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The  Kindred  Dam  alternative  would  have  significant  impacts  on  social 
well-being.  It  would  provide  a  highly  acceptable  level  of  flood  protection 
to  the  lower  reaches  of  the  basin.  This  protection  would  benefit  life, 
health,  and  safety  by  reducing  both  the  structural  and  economic  damages 
which  accompany  large  floods  as  well  as  physical  and  social  impacts  (as 
discussed  under  the  West  Fargo  diversion  alternative).  A  dam  at  Kindred, 
however,  would  not  be  equitable  in  its  distribution  of  costs  and  benefits 
between  areas.  The  Kindred  area,  which  would  bear  the  main  costs  of  the 
alternative  (such  as  residence  and  farmstead  relocations,  loss  of  natural 
woodland  and  wetland  habitat,  relocations  of  churches  and  cemeteries,  and 
school  district  realignments),  would  gain  no  major  benefit  from  the  action. 
The  West  Fargo  area,  in  contrast,  would  gain  the  main  benefit  from  Kindred 
Dam  in  the  form  of  flood  damage  reduction  benefits  to  the  community,  but 
would  bear  no  significant  costs.  Educational  and  recreational  opportunities 
in  the  Kindred  area  would  also  be  affected.  The  alternative  would  disrupt 
an  existing  school  district  and  require  new  alignments.  A  4-H  camp  would 
also  be  acquired.  Recreation  use  in  the  area  might  increase  if  a  permanent 
pool  were  constructed,  but  types  of  recreational  activities  would  change. 
Recreation  associated  with  the  scenic  river  reach  and  natural  bottomland 
areas  would  decrease,  while  open-water  activities  associated  with  reser¬ 
voir  use  would  increase. 

Approximately  4,100  acres  of  cropland,  7,900  acres  of  other  types 
of  land,  and  13,000  acres  of  fish  and  wildlife  mitigation  lands  would 
be  required  for  construction  of  the  1000-foot  elevation  flood  pool  design. 
The  1010-foot  elevation  flood  pool  design  would  require  5,400  acres  of 
cropland,  10,600  acres  of  other  types  of  land,  and  15,000  acres  of  fish 
and  wildlife  mitigation  land.  The  third  design,  the  1015-foot  elevation 
flood  pool,  would  require  5,900  acres  of  cropland,  12,100  acres  of  other 
types  of  land,  and  18,000  acres  of  fish  and  wildlife  mitigation  land  for 
construction.  The  benefited  areas  along  the  Sheyenne  River  would  be  50,000 
acres  of  cropland  and  1,000  acres  of  urban  land.  Land  along  the  Red  River 
of  the  North  would  also  be  benefited. 
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The  1000-foot  elevation  flood  pool  design  would  sever  11  roads, 
while  the  1010-  and  1015-foot  elevation  flood  pool  designs  would  each 
sever  14  roads. 

None  of  the  three  designs  would  reduce  flood  damages  at  Valley 
City  or  other  upstream  areas.  However,  up  to  85  percent  of  the  total 
flood  damages  at  West  Fargo  and  up  to  75  percent  of  the  total  Sheyenne 
River  flood  damages  would  be  reduced  by  Kindred  Dam. 

Although  these  Kindred  Dam  alternatives  would  significantly  reduce 
flood  levels  in  the  West  Fargo  area,  the  amount  of  reduction  for  a  speci¬ 
fic  flood  would  depend  in  part  on  the  backwater  effects  from  the  Maple 
River  and  the  Red  River  of  the  North. 

ALTERNATIVES  THAT  COULD  BE  MINOR  COMPONENTS  OF  FLOOD  DAMAGE  REDUCTION  PLANS 

General 


The  alternatives  discussed  in  this  section  were  eliminated  from  fur¬ 
ther  consideration  during  stage  2  when  the  evaluation  showed  that  further 
study  was  not  warranted.  The  potential  contribution  of  each  measure  in 
this  group  to  reducing  flood  damages,  when  considered  individually,  is 
relatively  small. 

Continuous  Rural  Levees:  Horace  to  West  Fargo 

This  alternative  would  consist  of  earthen  levees  on  both  sides  of 
the  Sheyenne  River  from  Horace  to  the  1-94  crossing  of  the  Sheyenne 
j  River  south  of  West  Fargo.  The  levees  would  be  offset  from  the  river- 

banks  for  stability  and  would  parallel  the  meandering  river  where  resi¬ 
dential  developments  occupy  the  wooded  areas  near  the  river.  In  other 
areas,  the  levees  would  be  located  away  from  the  river  out  of  the  wooded 
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areas  to  minimize  environmental  impacts.  The  levees  would  be  designed  to 
protect  from  the  1-percent  chance  flood  with  freeboard.  However,  break¬ 
out  flows  from  the  Sheyenne  River  would  be  allowed  to  occur  upstream  of 
the  project  area.  The  levee  would  be  approximately  14  miles  long,  about 
7  miles  on  each  side  of  the  river,  and  would  require  several  highway  and 
railroad  closures. 

The  first  cost  of  this  alternative  would  range  from  $4  to  $8  million, 
with  the  annualized  cost  at  $460,000.  An  estimated  $400,000  in  flood 
control  benefits  could  be  credited  to  reduction  of  flood  levels  through 
the  leveed  reach.  The  benefit-cost  ratio  would  be  about  0.9.  If  all 
breakout  flows  were  confined  to  the  Sheyenne  River  upstream  of  Horace, 
the  levees  would  have  to  be  raised.  Also,  the  confining  effect  of  these 
levees  would  prevent  some  breakout  overflows  to  the  Red  River  of  the  North, 
thus  possibly  increasing  flood  stages  downstream.  This  effect  could  be 
worsened  by  not  allowing  breakout  flows  to  occur  upstream. 

Woodland  and  cropland  would  be  the  dominant  types  of  habitat  affected. 
Approximately  150  acres  of  riparian  woodland  and  50  acres  of  cropland 
would  be  required  for  levee  construction.  These  lands  Include  fish  and 
wildlife  mitigation  lands. 

Water  quality  impacts  would  center  primarily  around  turbidity.  Tur¬ 
bidity  and  sedimentation  would  increase  downstream  during  construction  be¬ 
cause  of  equipment  movement  and  placement  of  fill  material.  The  levees 
would  have  a  negative  aesthetic  impact  before  they  were  vegetated. 

No  farmsteads  and  residences,  businesses,  or  public  facilities  would 
be  acquired  by  this  alternative.  The  alternative  would  benefit  about 
200  farmsteads  and  tesidences. 

Continuous  Rural  Levees;  West  Fargo  to  Harwood 


This  alternative  would  consist  of  earthen  levees  on  both  sides  of 
the  Sheyenne  River  from  West  Fargo  to  the  1-29  bridge  crossing  the  Sheyenne 


River  near  Harwood.  Tieback  levees  along  the  Maple  River,  lower  branch 
of  the  Rush  River,  and  Rush  River  would  be  necessary  to  prevent  flood- 
waters  from  these  rivers  from  entering  the  protected  area.  A  total  of 
about  35  miles  of  levees  would  be  constructed,  providing  protection 
from  the  1-  to  2-percent  chance  floods  with  freeboard. 

The  first  cost  of  this  alternative  would  range  from  $7  to  $14  million, 
with  the  annualized  cost  at  $670,000.  An  estimated  $520,000  of  flood 
control  benefits  could  be  credited  to  the  reduction  of  flood  levels 
in  the  leveed  reach.  The  benefit-cost  ratio  is  0.8.  Some  increase  in 
flood  stages  would  occur  inmediately  downstream  of  the  leveed  area  be¬ 
cause  of  the  confining  effects  of  these  levees  and  the  prevention  of 
overflows  into  the  Harwood  Slough  area. 

Approximately  450  acres  of  land  would  be  required  for  construction 
of  this  alternative.  These  lands  include  300  acres  of  cropland  and  150 
acres  of  woodland  and  other  types  of  lands.  Fish  and  wildlife  mitigation 
lands  are  included  in  these  requirements. 

Water  quality  impacts  would  center  primarily  around  turbidity  and 
sedimentation,  which  would  increase  downstream  during  construction. 

Until  the  levees  were  vegetated  they  would  have  a  negative  aesthetic  impact. 

No  farmsteads  and  residences,  businesses,  or  public  facilities  would 
be  acquired  by  this  alternative.  The  alternative  would  benefit  316 
farmsteads  and  residences  located  between  West  Fargo  and  Harwood. 

Rural  Levees:  Selected  Reaches  from  Kindred  to  the  Red  River  of  the  North 

This  alternative  would  consist  of  a  combination  of  levees  along  the 
Sheyenne  River  from  Kindred  to  the  mouth.  It  would  include  primarily  those 
segments  of  rural  levees  between  Kindred  and  the  Red  River  of  the  North 
that  would  be  most  feasible  and  practical  to  Implement.  The  levees  would 


not  necessarily  be  continuous  nor  would  they  have  to  be  built  on  both 
-  -  sides  of  the  Sheyenne  River.  This  plan  would  enable  the  construction  of 

4.  *  a  levee  system  that  would  use  the  most  beneficial  parts  of  the  other 

levee  alternatives  discussed.  Each  minor  reach  would  have  to  be  evaluated 
as  to  if,  where,  and  how  extensive  a  levee  would  be  placed.  A  maximum  of 
approximately  110  miles  of  levee  might  be  involved.  Protection  from  the 

1- percent  chance  flood  would  be  provided  in  the  residential  areas.  From 

2-  to  10-percent  chance  flood  protection  could  be  provided  in  the  rural 
agricultural  areas.  The  height  of  the  levee  would  be  greatly  affected 
by  the  amount  of  breakout  overflows  that  would  be  allowed.  Ensuring 
breakout  flows  along  the  lower  Sheyenne  River  is  important  to  any  levee 
alternative. 

The  environmental  and  social  effects  would  depend  on  the  location 
and  type  of  levee  constructed  for  a  particular  area.  Depending  chi  the 
acceptability  of  the  various  reaches  of  levees  considered,  the  selected 
reaches  of  levees  could  supplement  a  major  plan  for  reducing  flood  damages. 

Maple  River  Diversion  (M-6  to  Red  River  of  the  North) 

This  alternative  would  consist  of  a  flood  diversion  channel  to  pro¬ 
tect  the  lower  reaches  of  the  Sheyenne  River  in  the  Harwood  area.  The 
diversion  channel  would  start  in  Section  22  of  Raymond  Township  at  about 
mile  6  on  the  Maple  River  and  proceed  northeast,  joining  Cass  County  Drain 
No.  13  near  Argusville  and  proceeding  northeast  from  there  to  join  the  Red 
River  of  the  North  about  3  miles  south  of  Perley.  At  Maple  River  mile  6, 
a  diversion  structure  would  be  built  to  divert  up  to  approximately  3,000 
cfs  from  the  Maple  River  through  the  diversion  channel  to  the  Red  River 
of  the  North.  Inlets  would  be  constructed  at  all  drain  crossings,  and 
the  diversion  capacity  after  each  drain  inlet  would  be  increased  sufficiently 
to  handle  the  design  capacity  of  the  drain.  Where  the  diversion  joins  the 
Lower  Branch  Rush  River,  an  inlet  structure  would  be  built  for  the  Lower 
Branch  Rush  River,  and  the  size  of  the  diversion  channel  would  be  increased 
to  convey  a  total  of  4,000  cfs.  The  diversion  channel  would  follow  the 
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Lower  Branch  Rush  River  until  Section  31  of  Harwood  Township  where  the 
diversion  channel  would  separate  and  proceed  north.  An  outlet  structure 
would  be  built  at  this  separation  point  to  allow  low  flows  and  normal 
design  flows  to  pass  to  the  east  through  the  Lower  Branch  Rush  River 
channel.  The  diversion  channel  would  still  be  sized  to  convey  4,000  cfs 
to  the  north  where  it  would  cross  the  Rush  River  in  Section  30  of  Harwood 
Township.  At  the  Rush  River  crossing,  a  diversion  structure  would  be 
built  to  allow  low  flows  and  normal  design  flows  to  pass  on  through  the 
Rush  River,  with  the  excess  plus  the  diverted  flow  from  the  Maple  River 
passing  down  the  diversion  to  the  Red  River  of  the  North.  The  size  of 
the  diversion  channel  would  be  increased  to  convey  the  approximately 
5,000-cfs  flow  from  the  Rush  River  crossing  diversion  structure. 

The  diversion  channel  would  be  approximately  17.9  miles  long.  The 
bottom  width  would  range  from  50  to  65  feet,  with  the  depth  ranging  from 
10  to  12  feet. 

The  first  cost  of  the  alternative  would  range  from  $23  to  $28  million, 
with  an  annualized  cost  of  $2.0  million.  About  $500,000  in  flood  control 
benefits  would  be  credited  to  reduction  of  flood  levels  in  the  area  down¬ 
stream  of  West  Fargo.  Generally  this  alternative  would  be  most  effective 
at  reducing  floods  in  the  reach  along  the  Sheyenne  River  from  West  Fargo 
downstream  to  the  mouth  because  the  Maple  River  peak  and  the  first  peak 
on  the  Sheyenne  River  occur  at  approximately  the  same  time.  Also,  this 
lower  reach  of  the  Sheyenne  River  is  greatly  influenced  by  flows  and 
river  levels  on  the  Red  River  of  the  North.  Flood  control  benefits  cannot 
be  specifically  defined  at  this  time  for  the  West  Fargo  area.  It  is  anti¬ 
cipated  that  this  alternative  would  help  reduce  flood  levels  within  West 
Fargo  for  the  first  peak;  however,  these  flood  levels  would  also  depend  on  the 
effects  of  the  flows  from  the  Lower  Branch  Rush  River,  Rush  River,  Maple 
River,  and  Red  River  of  the  North.  Flood  levels  through  West  Fargo  for 
the  second  peak  would  probably  not  be  affected  by  this  alternative. 
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The  dominant  type  of  habitat  affected  by  this  alternative  would 
be  cropland.  Approximately  220  acres  of  cropland,  157  acres  of  grass¬ 
land,  9  acres  of  wetlands,  and  6  acres  of  woodland  would  be  affected 
by  this  alternative.  The  most  valuable  habitat  in  the  lower  basin  is 
the  riparian  woodland.  The  surrounding  area  has  been  classified  as 
prime  farmland  by  the  Soil  Conservation  Service. 

The  riparian  woodlands  provide  habitat  for  deer  and  semiaquatic 
organisms  and  are  used  as  a  valuable  transition  area  for  migrating 
birds.  The  woodlands  are  essential  to  the  wintering  deer  herds  in 
the  lower  basin.  The  woodland  loss  could  be  mitigated  by  plantings 
along  the  diversion  right-of-way.  Enhancement  opportunities  are  avail¬ 
able  through  purchase  of  permanent  instead  of  temporary  easements 
along  the  diversion  and  planting  of  vegetation  or  windbreaks.  The 
windbreaks  would  provide  wildlife  habitat  and  could  be  designed  to  re¬ 
duce  snow  accumulation  in  the  channel. 

The  effects  of  noise  associated  with  this  alternative  would  be 
minimal.  Construction  activities  would  be  limited  to  nonresident ial 
and  rural  areas.  Following  construction,  noise  levels  associated 
with  operation  and  maintenance  would  be  negligible.  A  slight,  tempor¬ 
ary  increase  in  noise  would  result  from  the  movement  of  heavy  equipment 
to  and  from  the  construction  site  and  from  detoured  local  traffic. 

One  farmstead  and  residence  would  be  acquired  becasue  of  the 
diversion;  however,  no  businesses  or  public  facilities  would  have  to  be 
acquired.  Approximately  600  farmsteads  and  residences,  12  businesses, 
and  7  public  facilities  would  benefit  from  this  alternative.  Farming 
practices  might  be  hampered  by  the  diversion  because  it  would  cut 
diagonally  across  some  field  sections.  Therefore,  farmers  along  the 
diversion  route  would  lose  some  portions  of  their  productive  farmland. 
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Construction  of  the  diversion  would  somewhat  alter  the  aesthetic 


character  of  the  area.  The  streambed  and  banks  of  the  Maple  River 
would  remain  unchanged.  However,  the  character  of  the  Lower  Branch 
Rush  River,  Rush  River,  and  County  Ditch  No.  13  area  would  be  altered. 

The  diversion  banks  would  probably  be  unsightly  before  seeding  and  vege¬ 
tation.  Grass  cover  would  be  maintained  in  the  channel.  The  protection 
this  alternative  would  afford  from  flooding  could  be  interpreted  as  provid¬ 
ing  a  benefit  to  aesthetic  quality  because  it  would  prevent  the  visual 
deterioration  of  the  area  associated  with  the  mud  and  debris  temporarily 
present  following  flooding.  The  diversion  could  also  provide  an  aesthetic 
benefit  by  lessening  the  deterioration  of  existing  structures  in  the  flood- 
plain  that  are  susceptible  to  periodic  inundation. 

The  diversion  would  temporarily  interrupt  transportation  along  sev¬ 
eral  gravel  roads  during  construction.  Decisions  to  restore  these  roads 
would  be  based  on  the  frequency  of  use  of  the  roads.  While  the  roads  were 
closed,  access  to  farmfields  would  be  hampered.  Modifications  to  exist¬ 
ing  highways  and  roads  during  construction  could  result  in  some  emergency 
service  delays  and  create  additional  hazards  if  traffic  rerouting  during 
construction  were  not  handled  efficiently.  The  hazards  of  major  impediments 
to  emergency  service  delivery  or  increases  in  traffic  accidents  could  be 
avoided  through  an  adequate  program  of  notification  of  delays  or  detours, 
staggered  construction  of  parallel  routes,  and  planned  emergency  vehicle 
rerouting.  Following  construction,  the  diversion  alternative  should  re¬ 
duce  the  stress  on  emergency  service  delivery  during  floods,  resulting  in 
better  services  to  those  requiring  special  assistance. 

Approximately  1,040  acres  of  cropland  and  240  acres  of  other  types 
of  land  would  be  required  for  implementation.  The  lands  benefited  by 
this  alternative  would  be  40,000  acres  of  cropland  and  150  acres  of  urban 
lands. 
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No  specific  reduction  in  the  effects  of  the  1-percent  chance 
flood  in  West  Fargo  can  be  attributed  solely  to  this  alternative. 

It  should  be  coupled  with  other  alternatives  to  provide  a  complete 
plan.  However,  the  alternative  would  benefit  an  area  which  has  few 
effective  options  to  reduce  flood  levels.  With  annualized  costs  of 
$2.0  million  and  annual  benefits  of  $500,000,  the  benefit-cost  ratio 
for  this  alternative  is  0.25.  Additional  benefits  may  be  available 
along  the  Maple  and  Rush  Rivers. 

This  diversion  would  generally  affect  flood  levels  along  the 
Red  River  of  the  North  by  less  than  one-half  foot.  For  some  floods, 
it  might  decrease  flood  levels  along  the  Red  River  and  for  others  it 
could  cause  increases,  but  these  changes  would  be  minor. 

Enderlin  Dam  (Maple  River  Main  Stem  M-106) 

This  alternative  would  consist  of  an  earth  fill  dam  at  about  river 
mile  106  on  the  Maple  River  about  2  miles  northwest  of  Enderlin  in  Sec¬ 
tion  28  of  Pontiac  Township.  The  55-foot-high  dam  would  have  a  design 
flood  pool  elevation  about  1130,  with  a  top  of  dam  elevation  about  1140. 
Approximately  33,000  acre-feet  of  storage  would  be  available  for  flood 
control,  with  the  design  flood  pool  affecting  approximately  3,800 
acres. 


The  first  cost  of  this  alternative  would  range  from  $9  to  $17  million, 
with  an  average  annual  cost  of  $960,000.  This  alternative  could  signi¬ 
ficantly  decrease  flood  flows  on  the  Maple  River  at  Enderlin.  The 
structure  would  have  a  limited  effect  on  flows  in  the  Sheyenne  River 
below  the  mouth  of  the  Maple  River.  Because  of  its  capacity  for  re¬ 
ducing  backwater  effects  of  the  Maple  River,  this  alternative  could 
slightly  reduce  Sheyenne  River  flood  levels  at  West  Fargo.  This  alter¬ 
native  would  have  to  be  coupled  with  other  alternatives  that  would 
reduce  flood  levels  for  the  first  and  second  peaks  along  the  Sheyenne 
River  above  its  confluence  with  the  Maple  River. 
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The  dominant  habitats  that  would  be  affected  by  this  alternative 
are  grasslands  and  croplands.  Approximately  1,700  acres  of  grassland 
and  1,700  acres  of  cropland  would  be  affected.  Approximately  370  acres 
of  wetland  and  30  acres  of  woodland  would  also  be  affected.  The  wet¬ 
land  acres  are  predominantly  ponded  areas  in  the  Maple  River  and  may 
be  valuable  to  waterfowl  and  riverine  species. 

Water  quality  impacts  would  center  primarily  around  turbidity. 
Turbidity  would  increase  during  construction  as  a  result  of  movement 
of  equipment  and  placement  of  fill. 

The  fishery  of  approximately  15  miles  of  Maple  River  upstream  of 
the  dam  could  be  affected  by  this  alternative.  Two  farmsteads  and  re¬ 
sidences  would  have  to  be  acquired.  Construction  of  the  dam  would 
temporarily  increase  noise  levels.  However,  because  of  the  rural  character 
of  the  area  and  the  distance  from  people  who  might  be  affected,  the 
increases  are  not  expected  to  have  a  significant  impact  on  any  individuals 
or  groups. 

The  Enderlin  Dam  would  have  no  aesthetic  impacts  on  the  Sheyenne 
River  or  streambed.  However,  it  could  have  aesthetic  impacts  on  the 
Maple  River  because  of  flood  pool  fluctuations,  influences  on  ground- 
water  levels,  and  turbidity. 

Approximately  2,500  acres  of  cropland,  2,500  acres  of  grassland, 
and  1,700  acres  of  other  types  of  land  would  be  required  for  construc¬ 
tion  of  this  alternative.  The  lands  required  for  construction  in¬ 
clude  fish  and  wildlife  mitigation  lands. 

Because  of  the  alternative's  limited  effects  on  flood  flows  in 
the  Sheyenne  River,  reductions  in  total  Sheyenne  River  flood  damages 
would  be  correspondingly  small.  Furthermore,  this  reduction  would  apply 
only  to  the  first  peak  on  the  Sheyenne  River  and  would  be  generally 
effective  only  in  the  reach  below  the  mouth  of  the  Maple  River. 


Tributary  Dams 


This  alternative  would  involve  reservoir  storage  on  tributaries  to 
the  Sheyenne  River  upstream  of  Kindred.  Twenty-four  reservoir  sites 
were  evaluated  initially.  Of  these,  four  warranted  more  detailed 
evaluation.  However,  this  evaluation  determined  that  three  sites 
could  not  be  implemented  at  this  time.  If  these  sites  were  to  be 
developed  in  the  future  by  Federal,  State,  or  local  concerns,  considera¬ 
tion  should  be  given  to  flood  control  storage  because  flood  control 
benefits  can  be  derived  from  reduction  of  the  first  peak  on  the 
Sheyenne  River. 

Because  of  the  small  size  of  these  structures,  a  permanent  recrea¬ 
tion  pool  may  be  desired.  The  North  Dakota  State  Water  Commission  and 
Ransom  County  Water  Management  District  are  considering  a  pool  at  the 
Dead  Colt  Creek  site.  Dead  Colt  Creek  alternative  is  the  only  tributary 
dam  being  carried  forward.  However,  use  of  a  permanent  pool  could  re¬ 
duce  storage  available  for  flood  control. 

A  discussion  of  these  reservoirs  follows.  Figure  L-3  shows  the 
locations  and  table  L-5  presents  the  pertinent  data  for  each  tributary 
dam. 


The  dominant  habitat  affected  would  be  grazed  grassland.  The  dura¬ 
tion  of  storage  would  kill  most  of  the  grassland  vegetation.  Regrowth 
would  consist  mostly  of  weedy  species  such  as  thistle,  dock,  etc.  The 
environmental  impacts  are  summarized  in  table  L-6. 

Water  quality  impacts  would  center  primarily  around  turbidity. 
Turbidity  would  increase  during  construction  as  a  result  of  equipment 
movement  and  placement  of  fill.  Some  of  the  turbidity  may  be  noticed 
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In  the  Sheyenne  River.  Water  storage  in  the  flood  pool  would  result 
in  denuded  shorelines  and  increases  in  erosion.  Turbidity  and  sedimenta¬ 
tion  would  increase  downstream. 

Construction  of  these  dams  would  temporarily  increase  noise  levels. 
However,  because  of  the  rural  character  of  the  area  and  the  distance  from 
people  who  might  be  affected,  the  increases  are  not  expected  to  signifi¬ 
cantly  affect  any  individuals  or  groups. 

Implementation  of  these  tributary  dams  would  have  a  minimal  adverse 
intact  on  potential  wild  and  scenic  river  designation.  The  water  quality 
impact  of  the  tributary  dams  could,  however,  have  some  effect  on  wild 
and  scenic  river  designation  potential.  The  overall  impacts  of  this 
alternative  on  wild  and  scenic  river  designation  would  not  be  significant. 

These  dams  would  have  no  aesthetic  impacts  on  the  Sheyenne  River 
or  streambed.  The  groundwater  levels  in  adjacent  areas  could  be  in¬ 
creased  if  permanent  storage  pools  were  used  and  might  change  vegeta¬ 
tive  patterns  in  these  areas.  Other  aesthetic  impacts  could  result  from 
flood  pool  fluctuations.  After  the  flood  pool  receded,  the  area  that 
was  inundated  would  be  unsightly  until  it  was  vegetated  again. 
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_ Table  L-5  -  Pertinent  Information  on  tributary  dam  sites 

_ Site _ 

T-94  T-158 

Item  (Iron  Springs)  (Timber  Coulee) 


T-240 


Pertinent  data 


Drainage  area 
(square  miles) 

Storage  capacity 

40 

50 

30 

(acre-feet) 

Flood  control 
Conservation 

4,800 

5,700 

8,000 

pool 

(1) 

(1) 

(1) 

Total  storage 
(acre-feet) 

Area  flooded 

4,800 

5,700 

8,000 

(acres)  at 
flood  pool 

300 

230 

300 

Dam 

Type 

Elevation, 

Earth  fill 

Earth  fill 

Earth  fill 

top  of  dam 
(feet  msl) 

1060 

1170 

1300 

Height  (feet) 

50 

70 

80 

Economics 

Costs 

First  cost  0 

($million) 

Average  annual 

1.6  to  1.0 

0.7  to  1.7 

1.2  to  2.0 

cost  ($1,000) 

80 

110 

140 

Flood  control 
benefits  ($1,000) 

30(2) 

H* 

O 

O 

/*> 

ro 

io(2> 

Benefit-cost  ratio 

0.4 

0.9 

0.1 

Social  effects 

Properties  acquired 

Farmsteads  and 

residences 

0 

0 

1 

Businesses 

0 

0 

0 

Public  facilities  ... 
Properties  benefited' 

0 

0 

0 

Farmsteads  and 

residences.. 
Businesses'  , 

Public  facilities 
Persons  relocated 
Persons  benefited'  ’ 

503 

503 

664 

12 

12 

15 

6 

6 

8 

0 

0 

3 

1,500 

1,500 

2,000 

Lands  required 

(acres) 

Cropland 

250 

220 

270 

Other 

440 

310 

420 

Table  L-5  -  Pertinent  information,  tributary  dam  sites  (cont 
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_ Site _ 

T-94  T-158 

Item _ (Iron  Springs) _ (Timber  Coulee) _ T-240 

(3) 

Lands  benefited  (acres) 

Cropland  23,400  23,400  36,400 

Urban  100  100  150 

Other 

Transportation  - 

roads  severed  0  0  1 


(1)  Because  of  the  small  size  of  these  structures,  a  permanent  recreation 
pool  may  be  desired.  Such  a  pool  is  currently  under  consideration  at  the 
Dead  Colt  Creek  site  by  the  North  Dakota  State  Water  Commission.  Use  of  a 
permanent  pool  could  reduce  storage  available  for  flood  control. 

(2)  Flood  control  benefits  would  be  derived  only  from  reductions  of  the 
first  peak  on  the  Sheyenne  River  and  would  be  generally  most  effective  in 
the  reach  from  Kindred  to  West  Fargo.  These  small  dams  must  be  coupled  with 
other  alternatives  which  would  reduce  the  second  peak  before  they  can  be 
considered  effective.  Benefits  are  only  estimated  in  the  reach  from  Kindred 
to  West  Fargo. 

(3)  Benefited  along  the  Sheyenne  River  from  near  Anselm  to  just  south  of 
West  Fargo,  except  for  T-240  which  includes  the  Lisbon  area. 

(4)  Based  on  the  estimate  of  three  persons  per  residence. 


Grassland  About  260  acres  of  grassland  affected.  Con-  200  acres  affected.  255  acres  affected, 

trolled  grazing  practiced  on  the  land.  Good 
grassland  habitat. 
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T-94  (Iron  Springs)  -  This  alternative  would  consist  of  an 
earth  fill  dam  on  a  tributary  to  the  Sheyenne  River  at  about  river 
mile  94.  The  tributary.  Iron  Springs,  enters  the  Sheyenne  River 
from  the  south  about  1  mile  east  of  the  Ransom-Richland  County  line. 

The  dam  would  be  located  in  Sections  17  and  18  of  Sheyenne  Township. 

The  dam  would  control  an  area  of  40  square  miles.  The  total  stor¬ 
age  capacity  would  be  4,800  acre-feet.  If  a  conservation  pool  were 
added,  the  flood  control  storage  capacity  would  be  reduced  accordingly. 

At  flood  pool,  the  surface  area  of  the  reservoir  would  be  300  acres. 

The  first  cost  of  this  alternative  would  range  from  $0.6  to  $1.0 
million,  with  the  average  annual  cost  at  $80,000.  Flood  control  benefits 
would  be  derived  only  from  reduction  of  the  first  peak  on  the  Sheyenne 
River  and  would  be  generally  most  effective  in  the  reach  from  Kindred 
to  just  south  of  West  Fargo.  This  small  dam  must  be  coupled  with  other 
alternatives  which  can  reduce  the  second  peak  before  it  can  be  con¬ 
sidered  effective.  Average  annual  benefits  of  $30,000  are  estimated  in 
the  reach  from  Kindred  to  just  south  of  West  Fargo.  The  benefit-cost  ratio 
would  be  about  0.4. 

Iron  Springs  Dam  would  inundate  portions  of  the  Sheyenne  National 
Grasslands.  This  area  is  now  used  for  grazing  domestic  livestock.  The 
storage  duration  would  probably  make  the  area  unsuitable  for  grazing  be¬ 
cause  of  the  invasion  of  less  desirable  weedy  species.  The  wildlife  value 
of  the  area  would  also  be  reduced  for  the  same  reason. 

The  sensitive  fern  and  prairie  chicken  are  found  in  the  area  of 
this  dam.  The  flood  pool  would  have  undesirable  effects  on  these  species. 
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No  farmsteads  and  residences,  businesses,  or  public  facilities 
would  be  acquired  by  this  alternative.  The  Iron  Springs  ham  would 
benefit  503  farmsteads  and  residences,  12  businesses,  and  6  public 
facilities  located  along  the  Sheyenne  River  downstream  from  the  dam 
to  just  south  of  West  Fargo.  Within  the  same  area,  about  1,500  persons 
would  benefit  from  the  alternative. 

Approximately  250  acres  of  cropland  and  440  acres  of  other  types 
of  land  would  be  required  for  construction  of  this  alternative.  The 
lands  required  for  construction  include  fish  and  wildlife  mitigation 
lands.  The  lands  benefited  along  the  Sheyenne  River  would  include 
about  23,400  acres  of  cropland  and  100  acres  of  urban  land. 

T-158  (Timber  Coulee)  -  This  alternative  would  consist  of  an  earth 
fill  dam  similar  to  those  previously  discussed.  It  would  be  located  on 
a  tributary  to  the  Sheyenne  River  at  about  river  mile  158.  The  tributary. 
Timber  Coulee,  enters  the  Sheyenne  River  from  the  west  about  1  mile  south 
of  Lisbon.  The  dam  would  be  located  in  Section  33  of  Island  Park  Township. 

As  shown  in  table  L-5,  the  dam  would  control  a  drainage  area  of 
50  square  miles.  The  total  storage  capacity  would  be  5,700  acre-feet. 

If  a  conservation  pool  were  added  to  this  design,  the  flood  control  stor¬ 
age  capacity  would  be  reduced.  At  design  flood  pool  the  surface  area  of 
the  reservoir  would  be  230  acres. 

The  first  cost  of  this  alternative  would  range  from  $0.7  to  $1.7 
million,  with  an  average  annual  cost  of  $110,000.  Average  annual  flood 
control  benefits  of  about  $100,000  could  be  gained  from  reduction  of  the 
first  peak  on  the  Sheyenne  River  and  would  be  most  effective  generally 
in  the  reach  from  Kindred  to  just  south  of  West  Fargo.  This  small  dam 
would  have  to  be  coupled  with  other  alternatives  that  would  reduce  the 
second  peak  before  it  can  be  considered  effective.  The  benefit-cost 
ratio  would  be  about  0.9. 


Approximately  220  acres  of  cropland  and  310  acres  of  other  types 

of  land  would  be  required.  All  of  these  lands  include  fish  and  wild¬ 

life  mitigation  lands.  The  lands  that  would  benefit  include  about  23,400 
acres  of  cropland  and  100  acres  of  urban  land. 

About  1,500  people,  503  farmsteads  and  residences,  12  businesses, 

6  public  facilities  along  the  Sheyenne  River  would  benefit. 

T-240  -  This  alternative  would  consist  of  an  earth  fill  dam  similar 
to  those  discussed  above.  The  dam  would  be  located  on  a  tributary  to  the 

Sheyenne  River  at  about  river  mile  240.  The  tributary  enters  the  Shey¬ 

enne  River  from  the  west  about  6  miles  south  of  Valley  City,  North  Dakota. 
The  dam  would  be  located  in  Section  33  of  Marsh  Township. 

The  dam  would  control  a  drainage  area  of  30  square  miles.  The 
total  storage  capacity  would  be  8,000  acre-feet.  If  a  conservation 
pool  were  added  to  this  design,  the  flood  control  storage  capacity  would 
be  reduced.  At  design  flood  pool,  the  surface  area  of  the  reservoir  would 
be  300  acres. 

The  first  cost  of  this  alternative  would  range  from  $1.2  to  $2.0 
million,  with  an  average  annual  cost  of  $140,000.  Flood  control  benefits 
would  be  derived  only  from  reduction  of  the  first  peak  on  the  Sheyenne 
River.  The  alternative  would  be  most  effective  in  the  reach  from  Kindred 
to  just  south  of  West  Fargo.  This  small  dam  would  have  to  be  coupled 
with  other  alternatives  that  would  reduce  the  second  peak  before  it 
could  be  considered  effective.  Benefits  are  only  estimated  in  the  reach 
from  Lisbon  to  just  south  of  West  Fargo.  On  the  basis  of  the  above  infor¬ 
mation,  only  about  $10,000  in  flood  control  benefits  are  estimated. 

This  alternative  would  benefit  about  664  farmsteads  and  residences, 
15  businesses,  and  8  public  facilities  located  along  the  Sheyenne  River 
from  Lisbon  to  just  south  of  West  Fargo.  Within  this  area,  about  2,000 
persons  would  benefit  from  the  alternative's  reduction  capabilities. 
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Approximately  270  acres  of  cropland  and  420  acres  of  other  types 
of  land  would  be  required.  The  lands  include  the  fish  and  wildlife 
mitigation  land.  The  lands  that  would  benefit  include  about  36,400 
acres  of  cropland  and  150  acres  of  urban  land.  No  guaranteed  reduction 
can  be  attributed  to  this  alternative  alone  because  it  must  be  coupled 
with  other  alternatives  which  would  reduce  the  second  peak. 

The  average  annual  cost  of  the  tributary  dam  is  estimated  at 
$140,000,  and  the  total  average  annual  benefits  are  estimated  at 
$10,000,  resulting  in  a  benefit-cost  ratio  of  0.1. 

ALTERNATIVES  CONSIDERED  DURING  STAGE  3 


GENERAL 

The  flood  damage  reduction  alternatives  retained  for  consideration 
in  stage  3  are  discussed  in  this  section.  These  alternatives  are  grouped 
into  three  categories:  (1)  those  which  are  part  of  the  existing  condition 
and/or  should  be  considered  as  part  of  the  future  base  condition,  (2) 
those  which  could  be  considered  as  major  components  of  a  flood  damage 
reduction  plan,  and  (3)  those  which  could  be  considered  as  minor  components 
of  a  flood  damage  reduction  plan.  The  alternatives  are  grouped  into 
these  categories  in  table  L-7. 
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Table  L-7  -  Summary  of  alternatives  considered  during  stage  3 


Alternative 


Status  of  further  consideration 


Part  of 
existing  and 
future  condition 


Major 

component  of 
flood  damage 
reduction  plan 


Minor 

component  of 
flood  damage 
reduction  plan 


Nonstructural 


Basinwide  drainage  plan  X 

Regional/basinwide  water 
planning  X 

Develop  out  of  floodplain 
Better  land  use  planning  X 

Floodplain  zoning  X 

Floodplain  regulations  X 

Control  private  levee 
construction  X 

Enforce  drainage  laws  X 


More  stringent  legislation 
to  control  drainage 
Financial  incentives  to  retain 
water  on  farmland 
Small  retention  dams 
Provide  flood  insurance  X 

Relocate  frequently  flooded 
structures 
Flood  proofing 
Revised  management  of 
Baldhill  Dam 
Flood  forecasting  and 
emergency  measures  X 

Structural 


Levees 


Ring  levees  at  farmsteads, 
residences  and  small 
developments 

Diversions 

M-29  to  M-24,  levees  and 
diversion  around  West 

Fargo  X 

M-42  to  M-24  via  Drain 

No.  21  X 

Drainage  ditches,  bridges,  etc. 

Enlarge  Cass  County  Drains 
Nos.  13,  21,  and  45 
Install  retention  control 
structures  on  drains 
Modify  bridges  and  highways 
Snag  and  clear  Sheyenne  River 


X 


X 

X 

X 

X 

X 

X 


X 


X 

X 

X 

X 
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Table  L-7  -  Summary  of  alternatives  considered  during  stage  3  (cont) 

Status  of  further  consideration 


Alternative 


Part  of 
existing  and 
future  condition 


Major 

component  of 
flood  damage 
reduction  plan 


Minor 

component  of 
flood  damage 
reduction  plan 


Wetlands 

Restore  drained  wetlands  X 

Increase  storage  capacity 

of  wetlands  X 

Dams  and  reservoirs 

Sheyenne  River  -  main  stem 

Baldhill  Dam  (M-271)  X 

Sheyenne  River  -  tributaries 

Dead  Colt  Creek  (T-150)  X 
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The  information  presented  in  this  section  is  generally  more  de¬ 
tailed  than  that  presented  in  the  previous  sections;  however,  the  infor¬ 
mation  is  still  preliminary  and  subject  to  revision  after  further 
evaluation.  Economic  figures  for  these  alternatives  are  at  October 
1981  levels.  The  information  is  based  on  each  alternative  working  in¬ 
dependently  and  is  meant  to  indicate  where  the  alternative  would  be 
effective  and  describe  its  relative  effectiveness  compared  with  other 
alternatives.  However,  the  true  effectiveness  of  an  alternative  can 
be  measured  only  when  that  alternative  is  considered  as  part  of  a  plan. 

The  plans  are  discussed  in  Appendix  M,  Plan  Formulation. 

ALTERNATIVES  THAT  ARE  PART  OF  THE  EXISTING  AND/OR  FUTURE  BASE  CONDITION 

Those  alternatives  that  already  exist  and,  based  on  current  trends, 
are  expected  to  continue  or  which  may  not  now  exist  but,  based  on  cur¬ 
rent  trends,  can  be  projected  to  be  in  effect  in  the  future  are  the  types 
of  alternatives  in  this  category.  Measures  in  this  group  have  a  wide 
variety  of  effects  on  flooding  and  flood  damages.  The  relationship  of 
these  measures  to  flooding  and  flood  damage  reduction  and  the  advantages 
and  disadvantages  of  the  measures  are  discussed  in  the  following  paragraphs. 

Basinwide  Drainage  Plan 

A  basinwide  drainage  plan  based  on  sound  hydrologic  and  hydraulic 
analyses  and  exhibiting  an  understanding  of  its  social,  environmental, 
and  economic  consequences  would  assist  in  orderly  and  rational  implementa¬ 
tion  of  future  drainage.  A  more  complete  understanding  of  the  relationship 
of  drainage  to  downstream  flood  flows  and  damages  would  be  essential. 

Control  over  drainage  Currently  rests  with  the  water  management  districts 
and  North  Dakota  State  Water  Commission  on  drainage  projects  that  involve 
an  upstream  watershed  area  larger  than  80  acres.  A  c^rdinated  approach 
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at  the  water  management  district  level  would  be  essential  in  the  develop¬ 
ment  and  implementation  of  a  basinwide  plan.  Such  a  plan  would  help  re¬ 
duce  adverse  effects  on  downstream  flood  prone  areas  that  might  result 
from  future  drainage  projects. 

Water  management  districts  are  generally  set  up  on  a  county- by¬ 
county  basis  rather  than  by  watershed  boundaries.  This  arrangement 
makes  it  very  difficult  to  develop  or  implement  a  basinwide  plan  be¬ 
cause  it  relies  on  the  uniform  compliance  and  enforcement  of  a  drainage 
policy  from  one  county  to  the  next.  However,  in  large  watersheds,  such 
as  the  Sheyenne  River  basin,  the  water  management  problems  of  downstream 
counties  are  different  from  the  water  management  problems  of  upstream 
counties;  yet  the  problems  are  interrelated  because  how  water  is  managed  in 
one  county  can  directly  affect  another.  A  change  of  organizational  juris¬ 
diction  of  the  water  management  districts  to  watershed  boundaries  rather 
than  county  boundaries  would  permit  more  effective  development  and  implem¬ 
entation  of  a  basinwide  plan.  Development  of  criteria  to  approve  or  dis¬ 
allow  drainage  would  be  an  essential  first  step  in  the  control  of  unwise 
drainage. 

Regional /Basinwide  Approach  to  Water  Planning 

The  regional /basinwide  approach  to  water  planning  is  instrumental 
in  the  development  of  water  resources  to  serve  the  maximum  number  of 
people.  Needs  of  specific  communities  and/or  individuals  may  be  more 
efficiently  met  if  they  can  be  dealt  with  by  a  joint  effort.  Recogni¬ 
tion  of  the  beneficial  and  adverse  effects  of  any  given  water  resource 
need  and/or  development  project  is  instrumental  to  the  need  or  project 
being  met  or  Implemented.  Major  water  user  needs  go  beyond  local  bound¬ 
aries  and  may  require  development  of  water  projects  in  areas  where  the 
disruption  of  the  existing  environmental  setting  and  life-style  are  not 
desired.  The  regional  population  must  understand  and  agree  with  the 
needs  and  solutions  being  developed  to  allow  for  orderly  Implementation 
of  a  major  water  resource  development  project. 
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Using  the  regional  approach  to  water  planning  would  not  exclude 
the  development  of  small  projects  for  any  given  community,  but  would 
establish  the  relationship  of  that  project  to  the  other  areas  of  the 
region,  displaying  areas  of  benefits,  areas  of  adverse  effects,  and 
areas  of  no  effects. 

Better  Land  Use  Planning 

Land  use  planning  implies  that  control  over  land  use  rests  with 
governing  bodies.  Better  land  use  planning  implies  that  existing  con¬ 
trols  are  not  sufficiently  restrictive  and  should  be  made  more  restric¬ 
tive.  The  degree  to  which  land  use  controls  should  be  made  more  re¬ 
strictive  depends  on  which  level  of  government  should  have  the  most 
control.  Township,  county,  and  city  governments  are  more  responsive  to 
local  needs  and  are  concerned  with  improving  the  living  standards  for 
their  people.  State  and  Federal  levels  of  government  are  generally  less 
responsive  to  local  needs  and  more  responsive  to  regional.  State,  and 
national  needs.  If  better  land  use  planning  implies  that  conservation 
of  the  land  resource  should  be  emphasized  and  that  the  land  be  put  to 
its  most  productive  use,  then  moving  the  land  use  control  to  the  regional. 
State,  or  Federal  level  may  offer  the  best  potential  to  achieve  this 
goal.  Shifting  from  local  to  regional  or  a  higher  level  of  government 
control  would  be  a  significant  change  in  the  existing  structure  of  land 
use  controls. 

Without  a  major  shift  in  land  use  controls  to  a  higher  level  of 
government,  land  use  planning  at  the  local  level  could  be  improved  by 
adding  planning  staff  to  assist  local  decision  makers  in  adopting  plans 
that  emphasize  conservation  of  the  land  resource  and  dedication  of  the 
land  to  its  most  productive  uses. 
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Floodplain  Zoning 

Enactment  and  enforcement  of  floodplain  zoning  would  consist  of 
adoption  by  the  cities  and  townships  (or  the  county  in  lieu  of  the 
townships)  of  ordinances  which  govern  the  construction  of  buildings 
and  other  development  in  the  floodplain.  Subsequent  enforcement  of 
the  ordinances  would  be  necessary  to  ensure  that  the  objectives  of 
the  zoning  are  being  achieved. 

Properly  developed  and  enforced  floodplain  zoning  laws  can  signi¬ 
ficantly  reduce  the  growth  of  future  flood  prone  development.  As  a 
result  of  the  Flood  Disaster  Protection  Act  of  1973,  States  and  local 
comnunities,  as  a  condition  of  future  Federal  financial  assistance,  are 
required  to  participate  in  the  Federal  flood  insurance  program  and 
adopt  adequate  floodplain  ordinances  with  effective  enforcement  pro¬ 
visions  consistent  with  Federal  standards  to  reduce  or  avoid  future 
flood  losses.  The  existence  and  enforcement  of  these  floodplain  ordi¬ 
nances  are  assumed  in  the  evaluation  of  Federal  flood  damage  reduction 
projects,  including  the  studies  being  conducted  on  the  Sheyenne  River. 

Floodplain  Regulations 

Building  codes,  zoning,  and  other  permitting  and  land  use  controls 
are  combined  in  floodplain  regulations.  Adequate  floodplain  regulations 
would  reduce  the  growth  of  future  flood  prone  development.  All  alter¬ 
natives  being  evaluated  in  the  Sheyenne  River  study  assume  that  adequate 
floodplain  regulations  are  in  effect. 

Control  of  Private  Levee  Construction 


Private  levees  have  been  constructed  at  many  locations  along  the 
Sheyenne  River.  In  many  instances,  the  levees  have  protected  a  pro¬ 
perty  owner  from  flood  damages.  However,  in  some  cases,  these  levees 
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worsen  flood  conditions  for  neighboring  property  owners.  The  levees  in 
the  reach  between  Kindred  and  Horace  could  increase  flood  levels  in 
this  reach  and  downstream,  including  West  Fargo.  During  large  floods, 
a  substantial  amount  of  floodwater  from  the  Sheyenne  River  between 
Kindred  and  Horace  flows  overland  to  the  Red  River,  Wild  Rice  River,  and 
County  Drain  21  system.  If  levees  prevented  these  overflows,  flood 
damages  in  downstream  areas  along  the  Sheyenne  River  could  increase. 

Therefore,  care  and  consideration  should  be  exercised  in  the  construction 
of  levees.  The  potential  adverse  effects  should  be  accounted  for 
before  levees  are  constructed  or  raised. 

Authority  for  control  of  private  levee  construction  rests  with  the 
North  Dakota  State  Water  Commission  and  water  management  districts. 

Development  of  criteria  to  approve  or  disallow  construction  or  raising 
of  existing  private  levees  would  be  an  essential  first  step  in  the  control 
of  unwise  levee  construction. 

Enforcement  of  Existing  Drainage  Laws 

Existing  drainage  laws  require  a  permit  before  an  area  with  a  water¬ 
shed  larger  than  80  acres  is  drained.  Drainage  laws  in  various  forms 
have  existed  in  North  Dakota  for  about  70  years.  In  the  most  recent  change 
(1977),  the  State  legislature  relaxed  permit  requirements.  Before  that 
change,  a  permit  was  required  to  drain  areas  with  watersheds  as  small  as 
AO  acres. 

The  State  Water  Commission  and  water  management  districts  issue  permits 
and  enforce  drainage  laws.  Criteria  for  issuing  permits  have  been  established 
by  the  State  Water  Commission.  Essentially,  if  the  area  to  be  drained  has 
unique  fish  and  wildlife  values  or  could  increase  flood  damages  downstream, 
the  permit  may  be  disallowed.  The  determination  of  which  drains  may  poten¬ 
tially  affect  flood  stages  is  a  key  element  in  this  issue.  Allowing  only 


those  areas  to  be  drained  which  do  not  affect  downstream  flooding  or 
allowing  drainage  with  sufficient  gated  controls  and  operating  plans 
so  that  downstream  flooding  would  not  be  worsened  is  a  key  step  in  re¬ 
ducing  or  minimizing  future  increases  in  flood  damages. 

Flood  Insurance 


The  flood  insurance  program  is  administered  by  the  Federal  Insurance 
Administration.  It  is  designed  to  provide  individual  property  owners 
who  suffer  flood  damages  a  way  to  recover  their  financial  losses  at  a  nomi¬ 
nal  insurance  premium.  Under  this  program,  communities  are  required 
to  adopt  and  enforce  adequate  floodplain  regulations.  The  actual  cost 
of  flood  insurance  is  quite  high;  however,  the  Federal  Government  sub¬ 
sidizes  the  premiums  and  the  property  owner  pays  a  nominal  amount. 

Flood  insurance  does  not  prevent  flood  damages;  it  spreads  the  flood 
loss  over  a  wider  segment  of  the  population.  Flood  insurance  provides 
individuals  a  means  of  recovering  from  the  financial  damages  to  their 
dwellings.  In  conjunction  with  an  adequate  floodplain  regulation  pro¬ 
gram,  the  flood  insurance  program  can  help  reduce  the  growth  of  future 
flood  damage  potential. 

Flood  Forecasting  and  Emergency  Measures 

Flood  forecasting  services  are  provided  by  the  National  Weather 
Service  for  the  Sheyenne  River  at  points  in  Valley  City,  Lisbon,  Kindred, 
and  West  Fargo.  The  Corps  of  Engineers  and  the  U.S.  Geological  Survey 
cooperate  with  the  National  Weather  Service  in  the  collection  of  basic 
data  and  in  the  observation  of  river  conditions  throughout  the  basin 
to  assist  in  improving  the  reliability  of  the  forecasts.  Communities, 

State  and  Federal  agencies,  and  individuals  have  used  the  flood  forecasts 
in  the  past  to  take  mergency  preventive  measures  to  reduce  flood  damages. 
These  emergency  measures  have  included  the  hurried  construction  of 
sandbag  and  earthen  levees,  the  moving  of  furniture  to  higher  levels 
within  the  dwelling,  and  other  short-term  measures. 
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Continued  flood  forecasting  is  essential  to  the  basin  even  if  no 
other  flood  damage  reduction  measures  are  implemented  because  it  is 
essential  to  khow  how  much  water  and  when  it  will  be  coming  if  one  is 
to  try  to  prevent  damages  from  occurring.  The  construction  of  emergency 
levees  or  other  actions  during  or  preceding  a  flood  can  often  be 
successful  in  reducing  flood  damages  for  a  specific  event  if  enough 
advance  warning  is  provided  and  if  a  plan  is  available  which  can  be 
implemented  in  a  short  period  of  time.  On  a  long-term  basis,  however, 
the  flood  emergency  approach  may  reduce  some  damages  but  cannot  be 
counted  on  to  provide  a  reliable  reduction  in  flood  damages.  As  future 
actions  take  place,  the  flood  forecasting  and  flood  emergency  services 
will  need  to  be  modified  to  respond  to  the  needs  of  the  basin. 


ALTERNATIVES  THAT  COULD  BE  MINOR  COMPONENTS  OF  FLOOD  DAMAGE  REDUCTION  PLANS 


General 


The  alternatives  discussed  in  this  section  could  contribute  to  flood 
damage  reduction.  When  considered  individually,  they  would  make  a  relatively 
small  contribution.  Some  of  these  measures  may  be  important  components 
of  an  overall  plan  if  used  in  appropriate  combinations.  Individual  measures 
could  be  implemented  independently  of  an  overall  plan,  depending  on  their 
specific  merits;  however,  they  could  also  be  used  to  increase  the  degree  of 
protection  provided  by  a  comprehensive  plan. 
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Location  of  Development  Out  of  the  Floodplain 

Future  developments  would  have  to  be  built  in  nonfloodplain  areas. 

The  communities,  counties,  and  townships  would  be  the  local  entities 
involved  in  the  adoption  and  implementation  of  this  plan.  The  Sheyenne 
River  valley  is  narrow,  approximately  1/2  to  1  mile  wide,  in  the  Valley 
City-Lisbon  area.  But  is  very  wide,  if  in  fact  definable,  where  it 
joins  the  old  Lake  Agassiz  bed,  ranging  from  2  to  4  miles  wide  in  the 
Kindred-West  Fargo  area,  and  the  floodplain  of  the  Sheyenne  River  joins 
the  floodplains  of  the  Maple,  Wild  Rice  and  Red  Rivers  so  that  the  over¬ 
all  floodplain  is  very  large. 

Where  the  floodplain  is  relatively  narrow,  the  plan  would  not  isolate 
the  new  development  from  existing  flood-prone  development  in  the  flood- 
plain.  Where  the  floodplain  increases  in  width,  implementability  becomes 
increasingly  more  difficult  because  the  distance  between  new  developments 
and  existing  services  would  increase  and  services  would  have  to  be  extended 
to  the  new  development.  These  distances  and  costs  would  have  to  be  compared 
to  the  costs  for  flood  proofing  new  developments  that  would  be  located  in 
the  floodplain  as  well  as  the  damage  that  could  result  if  no  flood  proofing 
were  undertaken. 

In  the  West  Fargo  area,  where  the  floodplain  is  very  wide,  new 
development  would  be  limited  to  the  nonfloodplain  area  between  West 
Fargo  and  Fargo  or  would  be  forced  to  move  into  the  Casselton  area, 

10  miles  to  the  west,  or  into  Minnesota,  7  miles  to  the  east.  Ultimately, 
the  nonfloodplain  lands  between  West  Fargo  and  Fargo  will  probably  be 
fully  developed  as  the  two  communities  grow  and  become  a  continuous  urban¬ 
ized  area.  Some  nonfloodplain  lands  in  the  Moorhead  area  will  also  probably 
be  developed  in  the  future.  The  policy  of  development  out  of  the  flood- 
plain  is  certainly  wise  from  the  objective  of  reducing  flood  damages; 
however,  the  other  costs  of  development  must  and  will  play  an  important 
role  in  the  location  of  new  development.  Wise  development  can  take  place 
in  floodplain  areas  if  the  necessary  precautions  are  exercised. 
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More  Stringent  Legislation  to  Control  Drainage 


This  alternative  would  Involve  the  enactment  and  enforcement  of 
stricter  legislation  to  control  drainage  in  North  Dakota.  As  mentioned 
above,  laws  concerning  drainage  have  existed  in  North  Dakota  for  many 
years.  Permits  are  required  to  drain  areas  with  watersheds  larger 
than  80  acres. 

The  size  of  the  area  to  be  drained  can  be  important  in  determining 
effects  on  downstream  flood  flows.  However,  other  factors,  such  as  the 
method  of  drainage,  the  location  of  the  area  to  be  drained,  the  land 
use  of  the  drained  area,  determine  whether  drainage  will  adversely 
affect  downstream  flood  flows. 

Legislation  is  important  in  establishing  authority  for  control 
of  drainage  and  such  legislation  does  exist.  Enforcement  of  existing 
legislation  is  as  important  as  stricter  legislation.  However,  proper 
enforcement  would  require  a  commitment  of  funds,  resources,  and  personnel 
which  is  as  important  as  the  legislation  itself.  Stricter  legislation 
to  control  drainage  coupled  with  rigid  enforcement  could  help  stop  future 
increases  in  flood  damages.  Implementation  of  this  legislation  would  be 
at  the  State  and  water  management  district  levels. 

Financial  Incentives  to  Retain  Water  on  Farmland 


A  State  or  Federal  program  would  be  established  to  provide  financial 
incentives  for  landowners  to  retain  water  on  farmland.  An  effective  pro¬ 
gram  would  be  difficult  to  develop.  It  would  be  somewhat  comparable  to 
enforcement  of  drainagd  laws.  Financial  payments  should  be  based  on  the 
potential  benefits  to  downstream  areas.  This  program  might  help  reduce 
flood  flows  in  some  areas;  however,  it  would  have  to  be  widely  accepted 
and  used  before  any  effects  would  be  felt  downstream.  Not  all  farmland  is 


capable  of  reasonably  holding  its  snowmelt  or  rainfall  runoff.  Even 
with  complete  holding  of  water  on  farmland  where  it  could  reasonably  be 
accomplished,  substantial  uncontrolled  drainage  areas  would  still  pro¬ 
duce  significant  flood  flows  and  damages.  A  program  such  as  this  could 
only  be  considered  as  a  supplement  to  other  major  steps  taken  to  reduce 
flood  damages. 

Small  Retention  Dams 

Property  owners  would  be  encouraged  to  construct  small  floodwater 
retention  dams  on  their  properties.  This  program  would  be  similar  to 
the  program  described  in  the  preceding  paragraph.  Financial  assistance 
would  be  based  on  downstream  benefits.  Not  all  property  owners  would  be 
able  to  construct  retention  dams.  Those  who  do  would  have  to  control  the 
release  from  the  dams  so  that  flood  peaks  downstream  would  not  be  worsened 
by  inappropriate  timing  of  the  releases.  These  dams  would  have  to  be 
designed  for  floodwater  retention  and  would  probably  not  have  very  large 
permanent  water  storage  capacities.  A  large  amount  of  uncontrolled  drain¬ 
age  area  would  still  remain,  and  this  area  would  still  produce  major 
f loods . 

Evacuation  of  Frequently  Flooded  Structures.  Lisbon  and  Valley  City 

Floodplain  structures  which  were  or  would  have  been  affected  by  the 
1966  flood  in  Lisbon  and  Valley  City  would  be  evacuated.  The  recurrence 
frequency  of  the  1966  flood  at  Lisbon  is  a  little  less  than  the  10-percent 
chance  flood;  the  frequency  at  Valley  City  is  a  little  greater.  At  Lisbon 
and  Valley  City,  the  Sheyenne  River  valley  is  anrrow,  and  the  area 
affected  by  the  1966  flood  contains  only  a  portion  of  the  floodplain 
structures  because  the  elevation  difference  between  the  10-percent  and 
1-percent  chance  floods  is  several  feet,  ihe  areas  proposed  for  evacuation 
in  Lisbon  and  Valley  City  are  shown  on  figures  L-4  and  L-5,  respectively. 


Evacuation  of  flood-prone  structures  from  floodplain  areas  is 
generally  one  of  the  most  effective  means  of  reducing  flood  damages 
to  residential  and  commercial  developments.  However,  it  is  not  always 
an  implementable  plan  for  a  variety  of  economic,  environmental,  and 
social  reasons.  Suitable  locations  for  relocation  must  be  available, 
and  the  impacts  on  the  community  must  be  at  an  acceptable  level. 

In  all,  36  residences  at  Lisbon  and  87  residences  at  Valley  City 
were  considered  for  evacuation.  No  businesses  or  public  facilities 
in  the  1966  floodplain  were  considered.  Not  all  structures  within  the 
1966  floodplain  would  be  removed  because  some  structures  would  not  be 
materially  affected  by  that  flood  level. 

The  first  cost  of  this  alternative  would  range  from  $1.3  to  $3.2 
million  at  Lisbon  and  $3.9  to  $5.8  million  at  Valley  City.  The  average 
annual  cost  for  the  evacuation  would  be  $170,000  and  $370,000,  respec¬ 
tively.  No  flood  control  benefits  would  be  gained  anywhere  other  than 
in  the  cities.  Therefore,  $60,000  and  $345,000  in  flood  control 
benefits  can  be  credited  at  Lisbon  and  Valley  City,  respectively. 

Table  L-8  summarizes  the  costs  and  impacts  of  this  alternative. 


Table  L-8  -  Evacuation  of  frequently  flooded  structures.  Valley  City  and  Lisbon 


Item 

Valley  City 

Lisbon 

Pertinent  data 

Design  flood  (year)  « 

Recurrence  frequency  (percent)^  1 

1966 

10 

1966 

10 

Economics 

Costs 

First  cost  ($million) 

Average  annual  cost  ($1,000) 

3.9  to  5.8 

370 

1.3  to  3 
170 

Flood  control  benefits  ($1,000) 

Valley  City 

Lisbon 

345 

60 

Benefit-cost  ratio 

0.9 

0.4 

Environmental  effects 

Woodland 

Acres 

Percent  of  total  affected 
Grassland 
Acres 

Percent  of  total  affected 
Wetland 
Acres 

Percent  of  total  affected 
Cropland 
Acres 

Percent  of  total  affected 
Mitigation  lands  required 


Miles  of  river  affected 

0 

0 

Rare  species  affected 

Threatened  and  endangered  species 

No 

No 

affected 

Areas  of  national  importance 

None  known 

None  known 

affected 

No 

No 

Wild  and  scenic  river  affected 
Additional  land  affected  by 

No 

No 

infrequent  flood  events 

- 

- 

Aesthetic  qualities  affected 

No 

No 

Social  effects 
Properties  acquired 

Farmsteads  and  residences  87  36 

Businesses 

Public  facilities 
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Table  L-8  -  Evacuation  of  frequently  flooded  structures.  Valley  City  and  Lisbon 


(cont) 


Item 

Valley  City 

Lisbon 

Social  effects  (cont) 

Properties  benefited 

Farmsteads  and  residences 

87 

36 

Businesses 

- 

- 

Public  facilities^s 

Persons  relocated^,. 

Persons  benefited''  ' 

- 

- 

261 

108 

261 

108 

Lands  required  (acres) 

Cropland 

- 

- 

Urban 

10 

10 

Other 

- 

- 

Lands  benefited  (acres) 

Cropland 

- 

- 

Urban 

10 

10 

Other 

- 

- 

Transportation  -  roads  severed 

0 

0 

Flood  damage  reduction  effectiveness 

Flood  damages  reduced  (percent) 

Valley  City 

20 

0 

Lisbon 

0 

20 

1-percent  chance  flood  level  reduced 

Valley  City 

0 

0 

Lisbon 

0 

0 

(1)  The  1966  flood  for  Valley  City  is  a  little  more  frequent  than  the 
10-percent  chance  flood,  and  for  Lisbon  a  little  less  frequent  than  the 
10-percent  chance  flood. 


(2)  Based  on  approximately  3  persons  per  residence. 

(3)  Benefited  by  reduced  flood  damages. 


I 


This  alternative  would  have  little  if  any  impact  on  the  environ¬ 
ment  because  no  woodland,  grassland,  wetland,  cropland,  or  river  reaches 
would  be  affected. 

On  the  basis  of  an  average  of  3  people  per  residence,  108  and 
261  persons  would  be  relocated  at  Lisbon  and  Valley  City,  respectively. 
However,  these  people  would  benefit  from  reduced  flood  damages.  Further 
study  is  needed  to  determine  the  full  social  costs  of  these  relocations. 

The  following  points  should  be  addressed  in  that  study: 

1.  Distributional  equity  is  relatively  high  for  this  alternative, 
in  the  sense  that  those  receiving  the  benefits  of  reduced  flooding  would 
also  pay  the  cost  of  social  disruption  as  they  move  to  new  homes  or 
neighborhoods . 

2.  The  financial  burden  would  be  borne  by  the  local  sponsors  (and 
the  taxpayers  at  that  level  of  government)  and  the  Federal  Government 
rather  than  the  families  who  would  benefit  economically.  Details  of 
cost-sharing  arrangements  must  be  determined,  and  the  fiscal  capability 
of  local  government  must  be  analyzed. 

3.  The  socioeconomic  composition  of  the  relocated  population  is 
currently  unknown;  this  information  is  needed  to  determine  what  segment 
of  the  community  would  receive  flood  damage  reduction  assistance. 

4.  The  availability  of  safe,  sanitary,  and  decent  replacement  housing 
must  also  be  determined.  If  the  families  whose  homes  were  acquired  could 
buy  back  their  own  homes  and  move  them  out  of  the  floodplain,  they  would 
need  to  purchase  suitable  land  for  which  roads,  utilities,  and  sewer  ser¬ 
vice  must  be  provided. 

5.  Acceptability  of  this  alternative  within  the  community  as  a 
whole,  and  especially  among  those  being  relocated,  would  be  important 
to  the  implementability  of  the  alternative. 
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6.  Besides  the  financial  implications  already  discussed,  the 
perceptions  of  community  cohesion  would  affect  the  level  of  local 
acceptability.  Do  these  people  want  to  be  moved?  What  would  happen 
to  the  neighborhood  they  move  out  of  and  to  the  neighborhood  they 
move  into? 

7.  For  Lisbon  and  Valley  City  as  a  whole,  the  alternative  would 
reduce  economic  and  behavioral  damages  by  measurable  amounts. 

8.  Less  easily  quantified,  but  also  important,  would  be  the  accom¬ 
panying  changes  in  institutional  relationships,  such  as  zoning  law  changes, 
actual  land  use  changes,  new  or  expanded  ties  to  State  and  Federal  agencies, 
and  a  lessened  reliance  on  previous  flood-fighting  groups  and  assisting 
agencies. 

Approximately  10  acres  of  urban  land  is  contained  in  the  evacuation, 
areas  for  both  Lisbon  and  Valley  City.  These  same  land  areas  would  be 
benefited  by  reduced  flood  damages.  A  20-percent  reduction  in  total 
flood  damages  could  be  achieved  at  both  Lisbon  and  Valley  City. 

Flood  Proofing 

This  alternative  would  consist  of  structural  modifications  to  exist¬ 
ing  structures,  measures  and  techniques  applied  to  new  structures  as 
they  are  built,  and  ring  levees  around  farmsteads  and  residences  in  rural 
areas.  Typical  flood  proofing  measures  include  raising  first-floor  levels 
above  the  regulatory  flood  level;  raising  electrical  connections,  furn¬ 
aces,  and  similar  items  above  flood  levels;  installing  check  valves  on 
drains;  and  installing  watertight  doors  and  window  closures. 

Whenever  flood  proofing  is  undertaken,  access  to  the  flood  proofed 
building,  farmstead,  or  residence  could  be  limited,  creating  emergency 
service  problems.  Also,  flood  proofing  measures  are  generally  most 
practical  where  flood  depths  are  not  great,  water  velocities  are  low, 
and  the  duration  of  the  flood  is  short. 
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Revised  Management  of  Baldhill  Dam 


The  Baldhill  Dam  operating  plan  could  be  revised  by  modifying  the 
rates  of  discharge,  the  time  of  drawdown,  and/or  the  levels  at  which 
the  pool  is  maintained  for  the  various  purposes.  The  present  operation 
of  the  dam  is  based  on  current  lake  levels  and  storages  and  anticipated 
spring  runoff.  The  project  was  designed  to  ensure  supplements  for  low 
river  flows.  However,  because  most  of  the  basin  floods  occur  in  the 
spring  from  a  combination  of  snowmelt  and  rainfall,  the  lake  level  is 
lowered  in  the  winter  in  anticipation  of  this  annual  runoff  to  store  a 
portion  of  the  floodwater  and  to  reduce  flood  damages  downstream.  At 
the  end  of  the  spring  runoff,  the  lake  should  be  back  at  the  normal 
permanent  pool  elevation  of  1266.  Throughout  the  summer,  a  full  pool 
is  maintained.  In  the  fall,  a  release  schedule  is  set  up  to  draw  the 
pool  level  down  to  3-1/2  feet  below  normal  pool  by  the  first  of  March, 
thus  making  at  least  25  percent  of  the  total  storage  of  68,000  acre- 
feet  available  for  flood  control.  With  normal  spring  runoff,  the  pool 
should  be  refilled  by  May.  However,  in  years  when  the  snowpack  is 
heavier  than  usual  and  high  spring  flows  are  anticipated,  the  level  of 
Lake  Ashtabula  is  lowered  by  as  much  as  5  feet  more.  In  1967,  1969, 

1971,  1974,  and  1979,  the  pool  level  was  lowered  below  the  normal  3-1/2 
foot  drawdown  level.  Each  winter,  meetings  are  held  with  interested 
parties  to  review  the  status  of  the  pool  level  and  discuss  the  outlook 
for  lake  level  operation  for  the  coming  year. 

To  improve  dam  operations  in  terms  of  flood  control,  the  two  most 
likely  methods  of  modifying  the  management  would  be  either  (1)  to  increase 
the  amount  of  drawdown  and  provide  more  flood  control  storage,  or  (2)  to 
modify  the  rates  of  discharge  during  floods  and  provide  the  greatest 
reductions  at  peak  inflows.  The  distribution  of  storage  in  the  lake  is 
of  prime  importance  to  an  increase  in  the  amount  of  flood  control  storage 
through  greater  drawdowns. 

The  distribution  of  the  water  within  Lake  Ashtabula  is  similar  to 
an  inverted  triangle.  Storage  per  foot  of  lake  level  at  the  top  of  the 
pool  is  much  greater  than  at  the  bottom.  Of  the  68,000  acre-feet  of 
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water  normally  stored,  SO  percent  Is  in  the  top  7-1/2  feet,  and  the 
other  50  percent  In  the  lower  20-1/2  feet.  Because  of  this  storage 
relationship  and  because  most  floods  occur  from  spring  snowmelt  runoff, 
increasing  the  drawdown  of  the  pool  level  below  the  normal  3-1/2  feet 
by  the  first  of  March  could  provide  additional  storage  for  most  floods. 
However,  for  large  floods,  the  ability  of  the  existing  Baldhill  Dam  to 
reduce  flood  flows  is  very  limited  because  of  the  relatively  small  amount 
of  flood  storage  compared  to  the  volumes  of  flood  inflow. 

The  revised  management  of  Baldhill  Dam  could  be  quite  similar  to 
the  present  operation.  On  the  basis  of  normal  spring  runoff,  lowering 
of  the  lake  would  begin  on  1  October  at  a  rate  that  would  lower  the  lake 
level  6  feet  (to  elevation  1260)  by  1  March.  This  procedure  would  make 
almost  40  percent  of  the  total  storage  available  for  normal  flood  control. 
However,  when  higher  than  normal  spring  flows  are  anticipated,  the  lake 
could  be  drawn  down  to  elevation  1252.  About  75  percent  of  the  68,000 
acre-feet  of  storage  would  be  available  for  flood  control.  These  larger 
drawdowns  could  jeopardize  the  refilling  of  Lake  Ashtabula  to  the  normal 
elevation  of  1266  if  the  anticipated  snowfall  and  snowmelt  runoff  did  not 
actually  occur.  Under  the  existing  operating  plan,  the  normal  lake 
level  of  1266  was  not  reached  in  1959,  1963,  1973,  and  1977.  However, 
the  lake  level  was  within  1  foot  of  normal  except  in  1977  when  the  lake 
level  was  about  2  feet  low.  With  the  revised  operating  plan,  the  normal 
pool  level  would  not  have  been  reached  in  several  other  years  as  well. 


This  alternative  could  have  impacts  on  fish,  water  quality,  and  lake- 
shore  erosion.  The  major  impacts  on  fish  and  wildlife  appear  to  be  on 
the  fishery.  Continuous  yearly  drawdowns  to  elevation  1257  and  an  occas¬ 
ional  drawdown  to  elevation  1252  would  increase  the  potential  for  winter 
fish  kills.  For  example,  during  the  winter  of  1978-79,  a  partial  fish 
kill  resulted  from  low  dissolved  oxygen  levels  at  the  end  of  the  winter. 

The  kill  was  caused  by  the  unusually  long  winter  and  the  drawdown  to  about 

elevation  1257.  Dissolved  oxygen  levels  in  the  lake  are  normally  lower 

in  the  winter.  Drawdowns  to  elevation  1252  would  greatly  increase  the 

probability  of  winter  fish  kills  because  they  would  reduce  the  size  of 

the  pool,  concentrate  the  fish  In  a  smaller  area,  and  trap  fish  in  isolated  J 

pools  or  bays.  Less  oxygen  would  be  available,  and  the  likelihood  of  fish 

\ 
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kills  would  increase.  More  frequent  fish  kills  would  adversely  affect 
the  recreational  fish  harvest  and  the  quality  of  the  recreational 
experience  for  visitors.  It  is  questionable  if  the  fishery  would  even 
survive  a  single  drawdown  to  elevation  1252.  The  effects  of  repeated 
exposure  to  low  oxygen  levels  and  crowding  by  drawing  the  lake  down  to 
elevation  1252  would  certainly  be  adverse. 

Lake  Ashtabula  maintains  a  fair  fishery  because  of  the  State  Game 
and  Fish  Department  stocking  program.  Fish  stocked  in  the  reservoir 
(northern  pike  or  walleye)  generally  require  3  to  4  years  to  reach 
maturity.  Depending  on  the  frequency  of  drawdowns  to  elevation  1252 
and  winter  fish  kills,  the  recreational  fishery  of  the  reservoir 
might  be  greatly  reduced  or  eliminated.  Rough  fish  are  usually  more 
tolerant  of  low  oxygen.  Therefore,  an  increase  in  rough  fish  and  a  de¬ 
crease  in  game  fish  could  be  expected. 

Increased  drawdowns  could  also  create  situations  where  water  levels 
could  not  return  to  the  conservation  pool  elevation  of  1266  feet.  The 
quality  of  the  watei>-oriented  recreational  experiences  of  visitors  would 
be  adversely  affected.  Also,  releases  from  the  reservoir  would  have  to 
occur  during  the  late  fall  and  winter  when  outflow  from  the  reservoir  is 
usually  low.  Although  this  increased  release  might  improve  water  quality 
and  the  fishery  downstream,  it  might  also  increase  ice  jam  problems.  The 
winter  drawdown  could  cause  dangerous  ice  conditions  by  creating  air 
pockets  beneath  the  ice  producing  safety  hazards  and  reducing  winter  rec¬ 
reational  use. 

None  of  the  plants  on  the  Federal  list  of  threatened  or  endangered 
species  are  found  in  North  Dakota.  However,  the  State's  list  of  rare 
plants  contains  two  species  found  adjacent  to  Lake  Ashtabula:  a  sedge 
and  a  pondweed.  The  effect  on  these  species  is  not  known. 


North  Dakota  has  some  State  GMA' s  and  game  refuges  near  Lake  Ash¬ 
tabula.  If  lake  levels  undergo  major  changes  or  If  the  lake  does  not 
return  to  normal  pool  level,  the  vegetation  cover  needed  by  some  wild¬ 
life  in  the  area  for  nesting,  feeding,  mating,  resting,  and  access  to 
water  could  be  affected. 

Under  the  revised  management  plan  of  lowered  pool  levels,  water 
supply  would  be  subject  to  some  risk.  The  risk  depends  on  precipitation 
each  year  and  is  therefore  essentially  indeterminable.  Although  the 
lake  contains  ample  water  for  1,  2,  or  more  years  for  water  supply,  if 
the  lake  were  at  a  lower  than  normal  level  entering  an  extended  drought 
of  3  or  more  years,  the  certainty  of  water  availability  could  be  reduced. 
Although  under  the  revised  plan  water  would  be  adequate  to  meet  extra¬ 
ordinary  water  demands  in  any  single  year,  if  a  severe  drought  were  to 
continue  for  several  years,  the  amount  of  water  available  in  Lake  Ash¬ 
tabula  would  be  exhausted  sooner  than  under  the  revised  operating  plan. 

At  one  time,  concern  about  the  availability  of  water  was  a  dominant 
political  issue  in  the  region.  This  concern  was  rekindled  during  the 
dry  period  1976-1977.  It  is  not  known  how  active  this  topic  is  at 
present,  but  it  would  probably  be  more  widely  discussed  if  this  alter¬ 
native  were  implemented,  regardless  of  the  actual  increased  risk. 

In  addition  to  the  cost  of  actual  and  perceived  risk  of  water  supply 
shortages,  other  social  costs  would  be  incurred  by  residents  and  recrea¬ 
tional  users  of  the  lake.  These  costs  would  result  from  the  possible 
biological  consequences  of  the  earlier  and  larger  winter  drawdown.  Depend¬ 
ing  also  on  the  weather  conditions  each  winter,  fish  kills  could  be  exten¬ 
sive.  Since  it  takes  several  years  for  the  stocked  fish  to  mature,  a 
negative  Impact  on  recreation  could  result.  The  availability  of  up  to 
14,000  acre-feet  of  extra  storage  for  floodwater  would  have  to  be  weighed 
against  the  possible  adverse  effects.  .  The  principal  location  of  flood 
control  benefits  would  be  in  Valley  City. 
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Without  increasing  the  amount  and  frequency  of  drawdowns  to  provide 
the  additional  storage,  the  other  method  of  revising  the  operating  plan 
to  increase  flood  control  effectiveness  is  to  modify  the  rates  of  flow 
released  during  the  flood  to  maximize  the  downstream  stage  reductions. 
Several  factors  limit  the  degree  to  which  modifications  of  this  type 
can  be  made  to  the  existing  Baldhill  Dam: 

1.  For  floods  with  large  volumes  of  flood  runoff,  the  relatively 
small  amounts  of  flood  control  storage  limit  the  effectiveness  of  that 
storage  in  reducing  downstream  flood  flows. 

2.  The  dual-use  nature  of  the  water  storage  limits  the  effectiveness 
of  that  storage  for  flood  control.  Although  maximizing  flood  damage  re¬ 
duction  is  a  prime  concern,  an  equal  concern  is  assuring  that  the  water 
level  after  spring  runoff  is  at  the  full  pool  level.  These  two  purposes 
can  cause  conflicts  about  how  much  water  should  be  released. 

3.  For  several  past  floods  (the  1979  flood  being  the  most  recent), 
emergency  levees  were  constructed  during  the  flood  to  prevent  damages  at 
Valley  City.  Peak  flows  for  the  1979  flood  were  delayed  about  A  days 
through  use  of  the  existing  operating  release  rate  schedules  for  Baldhill 
Dam.  Valley  City  needed  all  of  this  time  to  get  its  temporary  levees  in 
place  to  prevent  flood  damages.  This  delay  of  the  peak  flows,  as  well  as 
keeping  flows  below  damaging  levels,  is  an  important  consideration  for 
Valley  City,  thus  giving  them  as  much  time  as  possible  to  prepare  their 
lines  of  protection. 

4.  At  the  start  of  any  given  flood,  the  predictions  of  the  runoff 
hydrograph  are  subject  to  significant  error.  During  this  same  period 
the  decisions  on  release  rates  from  the  Baldhill  Dam  must  be  made.  About 
a  week  after  a  flood  starts,  the  reliability  of  the  predicted  runoff 
hydrograph  improves  to  a  point  where  the  adjustment  of  release  rates 

can  be  made  to  try  optimizing  the  flood  stage  reductions  downstream. 

Most  of  the  flood  control  storage  has  been  used  by  this  time,  and  the 
actual  ability  to  optimize  the  discharges  from  the  dam  is  very  limited 
in  scope. 
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5.  Since  the  lake  level  must  be  drawn  down  before  the  flood  to 
provide  flood  control  storage,  there  is  no  assurance  that  any  given 
amount  of  flood  control  storage  will  in  fact  be  available  for  the  flood. 

Recognizing  all  these  limitations,  the  existing  operating  plan 
appears  to  provide  the  optimum  tradeoff  for  water  supply  and  flood 
control  operation. 

Ring  Levees  at  Farmsteads,  Residences,  and  Small  Developments 

This  alternative  would  consist  of  the  construction  of  earthen 
levees  around  farmsteads  or  residences,  protecting  all  buildings 
and  equipment  surrounded  by  the  levees.  This  concept  is  shown  in 
figure  L-6. 
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Ring  levees  at  farmsteads  would  be  costly  both  in  terms  of  the 
land  needed  for  levee  construction  and  the  expense  of  the  actual 
construction.  Using  the  criteria  of  protection  to  the  1-percent 
chance  flood  height  plus  freeboard  or  a  5-foot  minimum  height  levee, 
costs  for  a  farmstead  or  residence  along  the  Sheyenne  River  between 
Kindred  and  the  mouth  could  range  from  $12,000  to  $25,000.  These 
figures  are  based  on  a  levee  having  2  on  1  side  slopes,  a  5-foot  top 
width,  interior  drainage  handled  by  a  Crisafulli  or  Liteweight  hydraulic 
submersible  pump  and  a  small  ponding  area,  and  all  earthen  materials 
needed  for  the  levee  coming  from  the  construction  area. 

Using  these  criteria  and  estimating  the  number  of  farmsteads  and 
residences  in  each  reach,  cost  estimates  were  developed  for  the  reaches 
from  Kindred  to  the  mouth  of  the  Sheyenne  River.  First  costs  of  ring 
levee  protection  for  farmsteads  and  residences  between  Kindred  and  Horace 
would  range  from  $1.0  to  $4.3  million,  with  an  average  annual  wosr.  of 
$200,000.  The  Horace  to  West  Fargo  reach  would  involve  a  first  cost  of 
$1.3  to  $5.2  million  and  an  average  annual  cost  of  $250,000.  From  West 
Fargo  to  Harwood,  the  first  cost  would  be  $2.0  to  $7.7  million  with  an 
average  annual  cost  of  $370,000.  The  Harwood  to  the  mouth  reach  would 
involve  a  first  cost  of  $0.6  to  $2.8  million  and  an  average  annual  cost 
of  $130,000. 

A  detailed  economic  analysis  has  been  completed  to  determine  the 
economic  feasibility  of  farmstead  ring  levees  along  the  Red  River  of 
the  North  main  stem.  Costs  and  benefits  were  computed  for  each  county 
and  for  the  5-  ,10-,  20- ,  and  100-year  floodplains.  Three  basic  curves 
were  computed,  representing  a  low,  raid,  and  high  range  of  average  annual 
costs  of  the  levee  per  farmstead  relating  to  various  depths  of  flooding. 
Benefit-cost  ratios  for  the  5-  to  100-year  floodplains  range  from  3.7 
to  2.1,  respectively,  indicating  the  alternative  has  good  economic  feas¬ 
ibility.  The  preliminary  ring  levee  designs  for  the  Sheyenne  River  are 
similar  to  those  in  the  Red  River  of  the  North  study.  Therefore,  the 
benefit-cost  ratio  for  the  Sheyenne  River  alternative  should  be  similar. 
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At  the  least,  the  benefits  would  exceed  the  costs.  The  Soil  Conservation 
Service  has  established  a  cost-sharing  program  and  eligibility  criteria. 

A  similar  system  would  have  to  be  adopted  by  the  Corps  of  Engineers  for 
the  Corps  to  participate  in  the  implementation  of  this  program.  This 
program  could  effectively  supplement  other  flood  damage  reduction  al¬ 
ternatives. 

Enlarge  Cass  County  Drains  Nos.  13,  21,  and  45 

Enlargement  of  the  existing  Cass  County  Drains  Nos.  13,  21,  and 
45,  including  maintenance  of  the  drains  and  installation  of  control 
gates,  would  involve  major  work  and  expenditures  on  each  drain  and 
would  provide  greater  capacity  for  both  drainage  and  passage  of  flood 
flows.  The  drains  are  west  of  West  Fargo,  northeast  of  West  Fargo,  and 
in  the  area  between  Harwood  and  Argusville. 

Enlarging  Drain  No.  21  would  increase  flood  protection  for  West 
Fargo  from  overland  flows  from  the  Maple  River  and  overland  flows  from 
the  Sheyenne  River  that  break  out  to  the  west  in  the  Horace  area.  This 
enlargement  would  not  noticeably  affect  flood  stages  along  the  Sheyenne 
River  through  West  Fargo,  although  flood  stages  might  be  reduced  somewhat 
at  the  north  edge  of  West  Fargo  as  a  result  of  a  slight  reduction  of  the 
backwater  influence  of  Drain  No.  21. 


Enlarging  Drain  No.  45  would  reduce  drainage  problems  in  the  east 
portion  of  West  Fargo.  It  could  reduce  damages  resulting  from  overbank 
flooding  in  the  east  section  of  West  Fargo  by  providing  an  outlet  for 
the  overflow  water.  Enlarging  Drain  No.  45  would  not  significantly  re¬ 
duce  flood  stages  through  West  Fargo. 

Enlarging  Drain  No.  13  would  ease  flood  stages  in  the  agricultural 
area  between  Harwood  and  Argusville,  but  would  probably  have  little 


effect,  if  any,  on  flood  stages  in  the  immediate  vicinity  of  the  Sheyenne 
River  near  Harwood.  Flood  stages  between  1-29  and  the  Red  River  of  the 
North  are  influenced  principally  by  flood  levels  on  the  Red  River  of 
the  North;  consequently,  enlarging  Drain  No.  13  would  have  little  ef¬ 
fect  on  this  area. 

Maintenance  of  the  drains  is  a  necessary  element  in  their  proper 
functioning;  however,  the  most  significant  effects  of  improved  drain 
maintenance  would  be  recognized  in  the  improved  runoff  characteristics 
for  fairly  frequent  rainfall  events.  Improved  maintenance  would  pro¬ 
bably  not  result  in  major  reductions  of  flood  damages.  However,  proper 
maintenance  would  ensure  that  the  full  drain  capacity  would  be  available 
and  the  integrity  of  the  drain  could  be  retained. 

Installation  of  control  gates  to  retard  floodwaters  in  these  drains 
would  probably  worsen  flood  problems.  These  three  drains  normally  run 
off  before  major  flows  from  the  upstream  areas.  Retarding  these  flows 
could  add  to  the  peak  discharges  and/or  overflow  conditions.  These 
drains  also  function  to  handle  overflows  from  the  Sheyenne  and  Maple 
Rivers  during  major  floods.  Reducing  their  capacity  to  handle  these 
overflows  could  increase  flood  levels.  Enlarging  Drain  No.  21  could 
be  combined  with  other  measures  to  effectively  reduce  flood  damages. 

Install  Retention  Control  Structures  on  Drains 

Installing  retention  control  structures  on  drains  could  have  a 
wide  range  of  effects  on  flood  levels  along  the  lower  Sheyenne  River. 

The  effects  would  vary  according  to  the  location  of  the  drain,  timing 
and  magnitude  of  flows  from  the  specific  flood,  storage  capacity  of 
the  drain,  and  type  and  operation  of  the  control  structures.  The  drains 
in  the  area  downstream  of  Kindred  appear  to  normally  run  off  before  peak 
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flood  flows  along  the  Sheyenne  River.  Allowing  them  to  drain  off  without 
control  structures  would  probably  provide  for  the  best  reduction  of  flood 
peaks  in  the  lower  Sheyenne  River  basin.  Retarding  the  flood  flows  from 
these  drains  could  worsen  flooding  conditions. 

The  drains  between  Kindred  and  Baldhill  Dam,  if  controlled,  could 
reduce  the  magnitude  of  the  first  peak  of  a  major  flood.  However,  they 
would  probably  have  little  or  no  effect  on  the  second  and  main  peak 
of  the  flood  and  could  possibly  worsen  the  second  peak  if  the  drains 
were  not  properly  controlled. 

The  drains  between  Baldhill  Dam  and  Warwick,  if  controlled,  could 
help  reduce  the  main  flood  peak  from  above  Baldhill  Dam  but  would  have 
no  effect  on  the  first  flood  peak  coming  from  the  area  below  Baldhill 
Dam.  The  magnitude  of  the  effect  on  the  flood  peak  would  be  a  function 
of  the  storage  capacity  of  the  drains  and  the  amount  of  drainage  area 
controlled.  The  drains  above  the  Warwick  area  have  very  little  effect 
on  the  peak  flows.  Controls  on  these  drains  would  not  reduce  peak  dis¬ 
charges  in  the  lower  Sheyenne  River  basin. 

A  coordinated  plan  of  control  structures  on  drains,  especially  the 
major  drains,  could  reduce  flood  stages  in  the  lower  Sheyenne  River 
basin. 

Modify  Bridges  and  Highways 

Bridge  structures  that  are  too  small  to  effectively  pass  floodwaters 
can  increase  flood  levels  immediately  upstream  of  the  bridge.  This  ef¬ 
fect  is  especially  pronounced  when  ice  and/or  large  trees  catch  in  the 
confined  bridge  opening,  causing  further  restrictions  and  even  greater 
increases  in  flood  levels  upstream  of  the  bridge. 


L-106 


The  higher  flood  levels  upstream  from  the  bridge  are  normally 
localized  and  affect  only  the  areas  immediately  upstream  of  the  bridge. 
In  some  cases,  however,  the  floodwaters  can  be  rerouted  into  another 
drainage  pattern.  Enlarging  certain  bridge  openings  could  reduce  local¬ 
ized  flood  problems  but  would  not  result  in  major  basinwide  flood 
damage  reductions. 

Before  highways  and  associated  ditches  were  built,  floodwaters 
followed  natural  drainage  patterns.  Highways  were  constructed  across 
natural  drainage  patterns  and  culverts  were  placed  through  the  high¬ 
ways  or  bridges  were  built  to  allow  for  drainage.  These  culverts  and/or 
bridges  are  normally  designed  to  pass  reasonable  flows;  however,  when 
major  floods  occur,  the  openings  are  not  sufficient  to  pass  the  flood- 
waters  without  causing  backup.  This  effect  is  most  pronounced  with 
the  north-south  roads  from  Kindred  to  West  Fargo  where  the  highways 
act  as  levees  directing  the  flow  until  they  are  overtopped.  Enlarging 
the  openings  could  reduce  some  of  the  flooding  effects  in  the  lower 
basin,  although  the  major  influence  would  probably  be  in  determining 
which  way  the  floodwaters  would  be  directed  and  which  area  would  re¬ 
ceive  the  floodwaters. 

Snagging  and  Clearing  the  Sheyenne  River 

Snagging  and  clearing  along  the  Sheyenne  River  would  consist  of 
removing  fallen  trees  and  other  debris  from  the  river  channel  to  facili¬ 
tate  flows  in  the  river.  Clearing  the  debris  before  a  flood  would  help 
reduce  the  number  of  trees  that  would  catch  on  bridge  openings  and  con¬ 
strict  flow  through  bridges.  The  most  noticeable  effects  would  be  on 
the  smaller,  more  frequent  floods.  For  major  floods,  such  as  the  1950, 
1969,  1975,  1979,  and  larger  floods,  snagging  and  clearing  would  do 
little  to  lower  flood  levels.  The  most  pronounced  effect  would  be  at 
bridge  openings.  Removal  of  snags  and  clearing  of  fallen  trees  from 
the  riverbank  generally  would  have  an  adverse  effect  on  the  stream 
fishery,  aesthetics,  and  wildlife  in  that  reach  of  the  river. 
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The  Sheyenne  River  was  cleared  of  snags  and  fallen  trees  in  the 
lower  reaches  after  the  1975  flood.  Additional  work  was  done  after 
the  1979  flood.  Major  benefited  areas  would  be  along  the  reaches 
immediately  adjacent  to  the  snagging  and  clearing  activities. 

Wetland  Restoration 


Control  structures  would  be  placed  on  drainage  ditches  which  have 
drained  wetlands  and  earthen  levees  would  be  constructed  to  increase 
the  storage  capacity  of  existing  wetlands  in  the  watershed  between  Bald- 
hill  Dam  and  Kindred.  These  wetlands  may  have  provided  either  temporary 
or  permanent  storage  for  runoff,  depending  on  the  existence  of  natural 
outlets,  the  storage  capacity  of  the  wetlands,  and  the  size  of  the  drain¬ 
age  areas  upstream.  The  effects  of  restoration  would  be  a  function  of 
the  storage  capacity,  drainage  area  controlled,  and  location  within  the 
basin. 


As  indicated  in  table  L-9,  approximately  253  square  miles  of  drain¬ 
age  area  between  Baldhill  Dam  and  Kindred  could  be  controlled.  Potentially 
suitable  tracts  in  the  drainage  area  from  Baldhill  Dam  to  Kindred  were 
selected  from  inspection  of  topographic  maps  and  false  color  infrared 
aerial  photography.  Approximately  360  wetland  tracts  with  an  average 
tract  size  of  80  acres  are  in  this  area.  Although  the  average  size  is 
80  acres,  the  size  of  each  tract  could  vary  significantly,  either  smaller 
or  larger  depending  on  the  specific  situation  at  the  site.  The  actual 
wetlands  are  smaller  than  the  tract  sizes.  Furthermore,  there  would  be 
about  17.4  miles  of  earthen  embankments  needed  with  an  average  height  of 
approximately  5  feet. 
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_ Table  L-9  -  Wetlands _ _ _ 

Reach  between  Kindred 

Item _ and  Baldhill  Dam 


Pertinent  data 


Drainage  area  controlled  (square  miles)  253 
Number  of  wetland  tracts  360 
Average  size  of  tract  (acres)  80 
Average  embankment  height  (feet)  5 
Total  length  of  embankment  (miles)  17.4 


Economics 


Costs 

First  cost  ($million) 

Average  annual  costs  ($1,000) 


,(D 


Benefits 

Flood  control  ($1,000) 

West  Fargo 

Agricultural  (Sheyenne  River) 
Other 

Subtotal  flood  control  ($1,000) 
Environmental  benefits 

Total  benefits  ($1,000) 

Benefit-cost  ratio 

Environmental  effects 


15  to  18 
1,300 


80 

180 

260 

(2) 


260 

0.2 


(2) (3) 


Woodland 

Acres 

Percent  of  total  affected 
Grassland 
Acres 

Percent  of  total  affected 
Wetland 
Acres 

Percent  of  total  affected 
Cropland 
Acres 

Percent  of  total  affected 
Mitigation  lands  required 
Miles  of  river  affected 
Rare  species  affected 

Threatened  and  endangered  species  affected 
Areas  of  national  importance  affected 
Wild  and  scenic  river  affected 

Additional  land  affected  by  infrequent  flood  events 
Aesthetic  qualities  affected 


(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

0 

0 

(4) 

None  known 
(4) 

Probably  none 
Yes 
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Table  L-9  -  Wetlands  (cont) 


Item 


Reach  between  Kindred 
and  Baldhill  Dam 


Social  effects 


Properties  acquired 

Farmsteads  and  residences  0 

Businesses  0 

Public  facilities  0 

Properties  benefited 

Rirmsteads  and  residences  664 

Businesses  15 

Public  facilities  8 

Persons  relocated  0 

Persons  benefited  2,500 

Lands  required  (acres) (total)  28,900 

Cropland  11,300 

Other  17,600 

Lands  benefited  (acres) 

Cropland  36,400 

Urban  150 

Other 

Transportation  -  roads  severed  0 

Flood  damage  reduction  effectiveness 

Reduces  total  flood  damages  (percent) 

Valley  City^.  0 

West  Ihrgo' 

Total  Sheyenne  River ^  0 

Reduces  1-percent  chance  flood  level 

Valley  City  0 

West  &rgo  (5) 


(1)  Flood  control  benefits  are  derived  only  from  reductions  of  the  first 
peak  on  the  Sheyenne  River,  are  generally  most  effective  in  the  reach  from 
Kindred  to  West  Fargo,  and  cannot  be  considered  as  fully  creditable  if  this 
alternative  is  considered  only  by  itself. 

(2)  Environmental  benefits  will  be  obtainable  from  this  alternative;  how¬ 
ever,  they  are  not  quantifiable  at  this  time. 

(3)  Benefits  would  increase  when  environmental  benefits  are  credited. 

(4)  This  environmental  Information  was  not  available  at  the  time  the 
summary  sheet  was  compiled.  However,  the  areas  affected  are  predominantly 
wetlands  and  cropland. 

(5)  Would  have  no  noticeable  effect  on  the  1-percent  chance  flood  level 
in  West  Ikrgo.  However,  this  alternative  may  have  effects  on  flood  levels 
in  West  Argo  of  a  more  frequent  flood  nature,  such  as  the  10-percent  chance 
flood. 
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The  first  cost  of  this  alternative  ranges  from  $15  to  $18  million; 
the  average  annual  cost  is  $1,300,000.  About  $260,000  in  flood  control 
benefits  could  be  credited  to  reductions  of  the  first  peak  on  the  Sheyenne 
River.  Generally,  this  alternative  would  be  most  effective  in  reducing 
floods  between  Kindred  and  West  Fargo;  however,,  benefits  could  be 
gained  in  the  area  north  of  West  Fargo.  These  benefits  cannot  be 
considered  fully  creditable  if  this  alternative  is  considered  only  by 
itself;  however,  it  could  be  an  important  component  of  an  overall  plan. 

The  dominant  types  of  habitat  affected  by  this  alternative  would 
be  existing  wetlands  and  drained  wetlands  used  for  agriculture  or 
pasture.  The  exact  areas  and  sizes  have  not  been  determined.  Table 
L-10  summarizes  the  impacts  associated  with  wetland  restoration. 
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Table  L-10  -  Summary  of  Impacts  associated  with  wetland  restoration 

_ alternatives _ 

_ Item _ Impact _ 

Habitat 

Woodland  Little  woodland  would  be  affected.  Some 

plantings  around  the  restored  wetland 
would  be  incorporated  into  the  alter¬ 
native.  Wooded  areas  would  provide  cover 
and  habitat  to  the  wetland,  enhancing 
its  value. 


Cropland 


Grassland 


Wetland 


Fish 


Marginal  agricultural  lands  would  be  pre¬ 
ferred.  Most  drainage  was  for  agricultural 
purposes;  therefore,  most  of  the  affected 
land  would  be  cropland. 

Low-lying  grasslands  (presently  used  mostly 
for  grazing)  would  be  converted  to  wetlands. 

Depending  on  the  operation  of  the  restored 
wetlands  for  flood  control,  wetlands  may 
benefit.  Increasing  the  storage  capacity 
of  existing  wetlands  and  operating  them 
for  flood  control  may  adversely  affect  wet¬ 
land  vegetation. 

Generally,  the  wetlands  would  be  of  little 
fishery  value.  Wetlands  located  near  the 
river  may  reduce  nutrient  inflow  to  the 
river,  resulting  in  some  fish  and  aquatic 
benefits . 


M iscellaneous 


Rare  plants  and 
animals 


Depending  on  locations,  some  rare  plants 
and  animals  could  be  affected. 


Water  quality 


Aesthetics 


Turbidity  would  increase  during  construction. 
The  impoundments  could  be  operated  to  en¬ 
courage  development  of  vegetation.  The 
wetlands  would  act  as  a  sediment  and 
nutrient  trap. 

Wetland  restoration  would  encourage  wild¬ 
life  activity  in  the  area,  generally  con¬ 
sidered  a  positive  effect. 


Planning  constraints 


E.O.  11988  (Floodplain) 


This  alternative  would  be  located  in  the 
floodplains  of  small  creeks  and  tributary 
drainages . 


Table  L-10  -  Summary  of  impacts  associated  with  wetland  restoration 

_ _ alternatives  (cont) _ 

Item _ Impact _ 


E.O.  11990  (Wetlands) 

Preserve  riverine 
environment 


Federal  threatened  and 
endangered  species 

Federal  and  State  wild 
and  scenic  rivers 


Areas  of  critical  national 
impor tance 

Game  management  areas, 
refuges,  grasslands, 
etc. 

Cultural  resources 


Wetlands  would  be  created  or  increased 
in  size. 

This  alternative  would  not  affect  the 
riverine  environment,  ^Vegetation  would 
be  encouraged  at  wetland  sites. 

None  known. 


Probably  no  effect.  Wetlands  would  be 
located  away  from  the  Sheyenne  River, 
Water  quality  may  be  improved. 


None 


This  alternative  would  have  little  im¬ 
pact  on  cultural  resources  in  former 
wetlands  created  as  a  result  of  Pleis¬ 
tocene  glaciation,  unless  these  wetlands 
were  restored  above  former  natural  levels. 
The  creation  of  wetlands  in  areas  where 
none  previously  existed  may  affect  cul¬ 
tural  resources. 
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The  alternative  would  produce  various  sizes  and  types  of  wetlands. 
These  wetlands  would  provide  diverse  habitat  types  for  waterfowl  and 
other  wildlife  and  recreation  and  aesthetic  values. 

In  spring  and  summer,  some  waterfowl  nest  in  small  wetlands.  In 
midsummer,  waterfowl  broods  begin  congregating  in  somewhat  deeper 
wetland  environments  because  of  the  greater  abundance  of  food,  in¬ 
cluding  insects  and  invertebrates  preferred  by  the  young.  By  September, 
the  local  nesting  waterfowl  gather  in  larger  wetlands,  referred  to  as 
concentration  or  staging  areas,  where  plant  and  animal  foods  are 
plentiful. 

The  prairie  provinces  pothole  region  of  the  Dakotas  and  adjacent 
Canada  as  well  as  the  northwest  territories  and  Alaska  constitute  the 
principal  nesting  grounds  for  diving  ducks  such  as  the  ring-necked 
ducks  and  the  redhead.  Waterfowl  differ  in  their  nesting  requirements. 

The  mallard  and  blue-winged  teal  are  meadow  nesters.  Preferred 
nesting  habitat  includes  grassy  meadows,  adjacent  hayfields,  and 
shallow  marsh  environments.  Wood  ducks  nest  in  the  cavities  of  trees 
along  rivers  or  oxbows .  The  wooded  floodplain  constitutes  the  prime 
breeding  area  for  wood  ducks.  Coots  prefer  nesting  habitat  similar 
to  that  of  diving  ducks  in  that  they  commonly  construct  floating 
nests  on  rafted  debris  within  deep-water  cattail  and  bulrush  marshes. 
Redheads  nest  atop  muskrat  houses  or  construct  nests  in  vegetation 
along  the  shoreline. 

Wetlands  also  benefit  furbearers  which  have  high  recreation  value 
in  North  Dakota.  Marty  furbearers  are  also  trapped  and  have  high  econo¬ 
mic  value.  The  restoration  of  wetlands  would  increase  the  furbearer 
population.  Besides  economic  value,  they  have  aesthetic,  biological, 
and  scientific  research  value.  The  species  associated  with  wetlands 
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include  muskrat,  beaver,  raccoon,  and  mink.  The  preferred  food  of  musk¬ 
rats  is  cattail,  bulrush,  and  blue joint  grass,  although  many  other  types 
of  vegetation  are  also  eaten.  Deep  permanent  wetlands  such  as  Type  4 
and  Type  5  are  preferred.  Raccoons  use  all  types  of  wetlands  from  in¬ 
land  fresh  meadows  to  wooded  swamps,  including  habitats  usually  occupied 
by  muskrats.  A  favorite  food  of  raccoons  is  crayfish  which  inhabit 
waterlogged  soils. 

The  fishing  values  of  wetlands  would  probably  be  low  because  of 
the  shallow  characteristics  and  drawdown.  However,  some  areas  could 
be  operated  to  maintain  a  fishery  or  used  as  spawning  grounds. 

Wetlands  have  a  number  of  nonconsumptive  uses.  In  many  cases,  a 
monetary  value  cannot  be  placed  on  these  uses,  and  in  most  cases  they 
do  not  equate  with  other  uses  or  monetary  items  such  as  flood  control 
or  agriculture.  A  unique  value  of  wetlands  is  their  diversity  of 
aquatic  and  terrestrial  life.  Of  the  164  animals  associated  with 
wetlands  in  North  Dakota,  138  are  birds  (Barber  et  al.,  1977). 

Wetlands  provide  valuable  nesting  functions  as  well  as  cover,  food, 
and  migratory  resting  areas  for  a  diversity  of  shorebirds,  passerines, 
and  birds  of  prey. 

Wetlands  provide  hunting,  trapping,  aesthetic,  recreation,  scien¬ 
tific,  educational,  and  social  benefits.  Wetlands  are  also  stabilizing 
forces  on  the  physical  environment  because  they  sustain  high  water 
tables  to  balance  precipitation  deficits,  retain  excess  surface  water, 
and  serve  as  settling  basins  for  silt  and  chemicals  to  reduce  pollution 
in  downstream  waters. 

A  strong  correlation  exists  between  the  number  of  depressions 
holding  water  and  waterfowl  use  particularly  during  breeding  season. 

An  lnterspersion  of  large  wetland  areas  of  adequate  depth  to  ensure 
permanence  throughout  the  sunnier  among  numerous  small,  temporary  areas 
is  the  beat  waterfowl  producing  combination. 
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Waterfowl  prefer  the  privacy  of  small  wetland  areas  for  court¬ 
ship,  using  wetlands  as  small  as  a  tenth  of  an  acre  which  hold  sur¬ 
face  water  for  a  few  days  or  weeks  in  April  or  May.  Later  in  the 
summer,  after  the  broods  have  hatched,  the  hens  and  their  broods 
congregate  in  large  numbers  on  the  larger  bodies  of  water. 

A  variety  of  wetland  types  would  be  created  by  this  alternative. 

The  plan  could  also  include  tree,  shrub,  and  grass  plantings  to  im¬ 
prove  wildlife  and  aesthetic  values  of  the  wetlands. 

As  a  result  of  wetland  construction,  turbidity  of  receiving  waters 
might  increase  temporarily  but  would  probably  improve  over  the  long 
term  because  of  the  sedimentation  and  nutrient  holding  characteristics 
of  the  wetlands. 

This  alternative  would  not  involve  any  acquisition  of  farmsteads, 
residences,  businesses,  or  public  facilities.  It  would  benefit  664 
farmsteads  and  residences,  15  businesses,  and  8  public  facilities. 

Within  the  same  area,  between  Kindred  and  West  Fargo,  2,500  persons 
would  benefit  from  reduced  flooding. 

This  alternative  would  not  have  a  significant  effect  on  the 
1-percent  chance  flood  level  in  West  Fargo.  However,  it  might  affect 
flood  levels  in  West  Fargo  for  more  frequent  floods,  such  as  the 
10-percent  chance  flood. 

Much  of  the  farmland  in  this  region  was  created  or  improved  by 
wetland  drainage.  Programs  at  various  levels  of  government,  including 
local  and  regional  drainage  associations,  have  aided  individual  farmers 
to  this  end,  supplementing  their  economic  incentives.  Nationally,  these 
efforts  had  affected  100  million  acres  by  1960;  by  1970,  only  170 
million  acres  remained  as  potentially  drainable  for  agriculture. 
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Efforts  to  reverse  this  trend  have  arisen  during  times  of  agricul¬ 
tural  surplus  and  in  response  to  conservation  needs  -  as  drainage  and 
"big-farm"  technology  have  destroyed  wildlife  habitat.  Preservation 
and  restoration  of  wetlands  are  also  being  used  as  supplementary 
methods  of  flood  control. 


Components  of  the  alternative  considered  include  restoring  previously 
drained  wetland  areas,  increasing  the  temporary  storage  capacity  of  exist¬ 
ing  wetlands,  plugging  some  drainage  ditches  for  temporary  storage,  and 
constructing  small  temporary  storage  dams  in  presently  dry  ravines. 

These  components  would  have  varying  flood  control,  biological,  economic, 
and  social  consequences.  The  social  effects  can  be  categorized  as  poli¬ 
tical  conflict,  life-style  changes,  institutional  changes,  or  community 
dislocation.  Because  the  details  of  this  alternative  are  not  yet  re¬ 
solved,  the  following  discussion  of  social  impacts  must  be  considered 
a  tentative  outline  of  some  possible  effects  (see  table  L-ll). 


Table  L-ll  -  Probability  of  social  impacts  for  components  of  the 
wetland  restoration  alternatives 


impact  areas 


Component 

Political 

conflict 

Community  Life-style 
dislocation  changes 

Institutional 

changes 

Restoring  drained 
wetland 

High 

Low 

Moderate 

High 

Increasing  temporary 
storage  capacity  of 
existing  wetlands 

High 

Low 

Low 

High 

Operating  drainage 
ditches  for  flood 
control 

Low 

Low 

Low 

Moderate 

Temporary  storage  dams 

Moderate 

Moderate 

Low 

Moderate 

Restoring  drained  wetlands  would  probably  generate  political  con¬ 
flict.  Conflict  could  occur  between  different  levels  of  government 
(Federal,  State,  regional,  county,  township),  different  agencies  (U.S. 
Fish  and  Wildlife  Service,  Corps  of  Engineers,  drainage  boards),  or 
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different  interest  groups  (farmers ,  hunters,  conservationists).  These 
conflicts  would  rest  on  differences  in  values,  interests,  and  organi¬ 
zational  goals. 


This  component  would  also  probably  cause  institutional  changes* 

Some  agencies  would  lose  legal  authority  or  responsibility  presently 
held;  others  would  gain  responsibility  or  take  on  new  roles.  Relations 
between  organizations  would  be  changed  either  legally  or  through  the 
fact  of  their  changed  functions.  Laws  and  regulations  related  to  land 
use  would  probably  be  changed. 

Less  probable  would  be  changes  in  the  life  styles  of  area  residents. 
Lend  would  be  diverted  from  its  present  use  (farming)  to  a  former  use 
(wildlife  habitat),  but  entire  farms  would  not  necessarily  be  acquired. 
Hunting  would  become  somewhat  more  available  within  the  region,  depend¬ 
ing  on  the  size  of  the  restored  tracts,  their  biological  success,  and 
management  policies.  Depending  primarily  on  tract  size,  these  restora¬ 
tions  would  probably  cause  little  dislocation  to  community  facilities, 
such  as  disruption  of  roads  or  utilities  or  relocation  of  farmsteads. 

Increasing  temporary  storage  capacity  of  existing  wetlands  has 
already  generated  some  political  conflict  between  Federal  agencies  be¬ 
cause  of  the  negative  biological  Impacts.  T -_s  social  effects  in  general 
would  be  similar  to  those  of  the  restoration  component,  but  it  would  be 
less  likely  to  change  the  life  styles  of  farmers  or  other  users  of  the 
land. 


Using  existing  drainage  systems  for  additional  storage  would  prob¬ 
ably  require  some  institutional  changes  similar  to  those  discussed 
above  as  agencies'  authorities  and  functions  changed  to  operate  the 
drains  for  an  added  purpose.  However,  the  probability  is  low  that  the 
other  factors  would  be  significantly  affected. 
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Small  temporary  storage  dams  would  have  a  moderate  probability  of 
causing  political  conflict,  depending  primarily  on  the  number,  size,  and 
location  of  the  structures.  They  might  also  cause  community  dislocations 
because  some  roads  or  utilities  would  be  inundated  and  farmsteads  would 
possibly  be  acquired. 

The  responsibility  of  operating  numerous  small  dams  would  cause 
some  institutional  changes.  The  residents'  ways  of  life  would  be 
less  likely  to  change  because  most  of  the  pools  would  probably  be  on 
unusable  or  marginal  farmland. 

Approximately  11,300  acres  of  cropland  and  17,600  acres  of  other 
types  of  land  would  be  required  for  implementation.  The  land  benefited 
by  this  alternative  would  be  36,400  acres  of  cropland  and  130  acres  of 
urban  land. 

Tributary  Dam  T-150  (Dead  Colt  Creek) 

This  alterant ive  would  consist  of  the  construction  of  an  earth-fill 
dam.  It  would  be  on  a  tributary  to  the  Sheyenne  River  at  about  river 
mile  150.  The  tributary,  Dead  Colt  Creek,  enters  the  Sheyenne  River 
from  the  south  about  5  miles  southeast  of  Lisbon.  The  dam  would  be 
located  in  Section  33  of  Big  Bend  Township.  Figure  L-3  shows  the  location 
of  the  dam  and  the  drainage  area  controlled.  The  outline  of  the  flood 
pool  and  other  more  site-specific  information  are  shown  on  figure  L-7. 
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As  shown  in  table  L-12,  the  dam  would  control  a  drainage  area  of 
about  60  square  miles.  The  total  storage  capacity  of  the  80-foot  high 
dam  would  be  7,800  acre-feet.  A  2,230-acre-foot  conservation  pool  is 
being  considered  with  this  design.  Therefore,  the  flood  control  stor¬ 
age  capacity  would  be  about  5,570  acre-feet.  The  surface  area  of  the 
reservoir  would  be  about  125  acres  at  the  permanent  pool  level  and  285 
acres  at  the  design  flood  pool  level,  resulting  in  about  160  acres  being 
subjected  to  varying  degrees  of  temporary  inundation. 

The  first  cost  of  this  alternative  would  be  about  $1.7  million  (at 
January  1982  price  levels)  with  an  average  annual  cost  of  $140,000.  Flood 
control  benefits  would  be  derived  only  fiom  reductions  of  the  first  peak 
on  the  Sheyenne  River  and  would  be  most  effective  generally  in  the  reach 
from  Kindred  to  just  south  of  West  Fargo.  Some  reductions  in  the  West 
Fargo  area  and  north  of  West  Fargo  could  occur,  especially  for  the  more 
frequent  floods.  The  flood  control  storage  in  the  Dead  Colt  Creek  dam 
by  itself  would  not  significantly  reduce  flood  damages  in  the  basin. 
However,  the  dam  could  play  a  significant  role  as  part  of  an  overall 
plan.  The  flood  control  benefit  estimates  in  table  L-12  are  quantified 
only  for  the  reach  from  Kindred  to  West  Fargo.  Benefits  may  accrue  in 
other  reaches,  but  are  not  quantified.  Recreation  benefits  accrue  to 
the  permanent  pool  and  recreational  facilities  developed  at  the  Dead 
Colt  Creek  dam.  Although  recreational  benefits  based  on  projected  use 
data  would  be  more  precise,  based  on  the  average  annual  cost  of  a  single¬ 
purpose  recreation  lake,  average  annual  recreation  benefits  of  about 
$100,000  are  estimated.  The  benefit-cost  ratio  would  be  1.8  indicating 
an  economically  feasible  project. 
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Table  L-12  -  Pertinent  Information  for  Dead  Colt  Creek  tributary  dam 


Item 


T-150 

Dead  Colt  Creek 


Pertinent  data 


Drainage  area  (square  miles) 
Storage  capacity  (acre-feet) 

Flood  control 
Conservation  pool 
Total  storage  (acre-feet) 

Area  flooded  (acres) 
flood  pool 
Conservation  pool 
Dam 
Type 

Elevation,  top  of  dam  (feet  msl) 
Height  (feet) 

Economics 


Costs 

first  cost  ($million) 

Average  annual  cost  ($1,000) 

Benefits 

flood  control  ($1,000) 

West  Fargo 
Gilley  City 

Agricultural  (Sheyenne  River) 
Other 

Subtotal  flood  control  ($1,000) 
Recreation 

Total  benefits  ($1,000) 
Benefit-cost  ratio 
Environmental  effects 


Woodland  (acres) 

Grassland  (acres) 

Wetland  (acres) 

Cropland  (acres) 

Miles  of  river  affected 
Rare  species  affected 

Threatened  and  endangered  species  affected 
Areas  of  national  importance  affected 
Wild  and  scenic  river  affected 

Additional  lands  affected  by  infrequent  flood  events 
Aesthetic  qualities  affected 


60 

5,570 

2,230 

7,800 

285 

125 


Earth  fill 
1165 
80 


1.7 

140 


(1) 


50 

110 

160 

100 

260 


(1) 

(1) 

(1) 

(2) 

(1) 


1.8 


30 

225 

Little 

30 

5 

No 

None  known 
No 

Probably  none 
Yes 
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Table  L-12  -  Pertinent  information  for  Dead  Colt  Creek  tributary  dan  (cont) 


Item 


T-150 

Dead  Colt  Creek 


Social  Effects 


Property  acquired 

formsteads  and  residences 
Businesses 

Public  facilities  ..... 

Properties  benefited''  '  .... 

formsteads .and  residences' 
Businesses '  ' 

Public  facilities'  ' 

Persons  relocated.  . 

Persons  benefited'  1 2 3 4 

Lands  required  (acres) 

Cropland 

Other 

Lands  benefited  (acres)'  ' 

Cropland 

Urban 

Other 

Transportation  -  roads  severed 

Flood  damage  reduction  effectiveness 

Reduces  total  flood  damages  (percent) 
Valley  City 
West  forgo 
Total  Sheyenne  River 

Reduces  1-percent  chance  flood  level 
Valley  City 
West  forgo 


0 

0 

0 

503 

12 

6 

0 

1,500 

320 

460 

23,400 

100 

1 


0 

Some 

Some 


(3) 

(3) 


0 

(4) 


(1)  Flood  control  benefits  would  be  derived  only  from  reductions  of  the 
first  peak  on  the  Sheyenne  River  and  would  be  generally  most  effective  in 
the  reach  from  Kindred  to  West  Fargo.  This  dam  must  be  coupled  with  other 
alternatives  that  would  reduce  the  second  peak  before  it  can  be  considered 
effective.  Benefits  are  only  estimated  in  the  reach  from  Kindred  to  West 
forgo  and  cannot  be  considered  as  fully  creditable  if  this  dam  is  considered 
by  itself. 

(2)  Based  on  estimated  average  annual  cost  of  a  single-purpose  project 
for  recreation  only  which  would  be  constructed  to  a  smaller  size  than  pro¬ 
posed  project. 

(3)  Benefited  along  the  Sheyenne  River  from  near  Anselm  to  just  south  of 
West  Fargo. 

(4)  Would  have  no  noticeable  effect  on  the  1-percent  chance  flood  level 
in  West  Fargo.  However,  it  may  have  effects  on  more  frequent  flood  levels 
in  West  forgo,  such  as  the  10-percent  chance  flood. 


The  dominant  habitat  that  would  be  affected  is  grazed  grassland. 

The  duration  of  storage  for  the  larger  floods  may  be  long  enough  to  kill 
the  grassland  vegetation.  Regrowth  would  consist  mostly  of  weedy  species 
such  as  thistle  and  dock.  Because  of  the  better  water  quality  of  Dead 
Colt  Creek  and  more  year-round  flow,  this  site  would  provide  fish  habitat. 
The  flood  pool  would  lower  fishery  values  by  removing  the  existing  habitat 
and  sources  of  future  habitat.  A  summary  of  environmental  impacts  is 
presented  in  table  L-13. 
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Table  L-13  -  Summary  of  Impacts  associated  with  Dead  Colt  Creek  tributary  dam 
Item _ _ _ T-150  -  Dead  Colt  Creek  dam 


Habitat 


Woodland 

30  acres  affected.  Extensive  and  valuable 
woodlands  of  the  lower  basin  are  nearby. 

Cropland 

30  acres  affected. 

G  rassland 

225  acres  affected. 

Wetland 

Little  effect. 

Fishery 

Fishery  would  be  adversely  affected  by  temp¬ 
orary  inundation  of  flood  pool.  Turbidity, 
erosion,  and  dead  vegetation  would  be  adverse 
to  fishery. 

M iscellaneous 

Rare  plants  and  animals 

None  known. 

Water  quality 

Temporary  increase  in  turbidity  caused  by 
construction.  Water  storage  and  shoreline 
erosion  could  increase  downstream  turbidity 
and  sedimentation. 

Aesthetics 

The  weedy  vegetation  resulting  from  temporary 
inundation  would  be  in  contrast  to  existing 
prairie  grasslands.  Weedy  vegetation  would 
provide  less  desirable  wildlife  habitat  and 
therefore  affect  wildlife  populations.  A 
temporary  negative  impact  would  result  from 
construction  activities. 

Planning  constraints 

E.O.  11988  (Floodplain) 

The  project  would  be  located  in  the  flood- 
plain. 

E.O.  11990  (Wetlands) 

Little  wetland  would  be  affected. 

Preserve  riverine  environment 

Some  woodland  and  the  creek  floodplain 
would  be  lost. 

Federal  threatened  and  en¬ 
dangered  species 

None  known. 

Federal  and  State  wild  and 
scenic  rivers 

Probably  not  significant.  The  impacts  to 
water  quality  as  a  result  of  construction 
and  operation  of  the  dams  could  influence 
designation  potential. 

Table  L-13  -  Sunnnary  of  Impacts  associated  with  Dead  Colt  Creek  tributary  dam  (cont) 
_ Item  _  _ ' _ _  _ T-150  -  Dead  Colt  Creek  dam 


Areas  of  critical  national  importance 

Game  management  areas,  None, 

refuges,  grasslands, 
etc. 

Cultural  resources  Two  known  prehistoric  sites  may  be  affected 

by  the  dam  structure.  Two  prehistoric  site 
leads  are  within  the  T-150  drainage  subbasin. 
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Mitigation  of  wildlife  habitat  losses  caused  by  permanent  and/or 
temporary  inundation  would  be  determined  by  the  implementing  agencies  in 
consultation  with  the  North  Dakota  Game  and  Fish  Department. 

Water  quality  impacts  would  center  primarily  on  turbidity.  Tur¬ 
bidity  would  increase  during  construction  as  a  result  of  equipment  move¬ 
ment  and  placement  of  fill.  Some  of  the  turbidity  might  be  noticed  on 
the  Sheyenne  River.  Water  storage  in  the  flood  pool  would  result  in  de¬ 
nuded  shorelines  and  increased  erosion.  Turbidity  and  sedimentation 
would  increase  downstream. 

The  dam  would  have  minimal  adverse  impacts  on  potential  wild  and 
scenic  river  designation.  Water  quality  could  have  some  impact.  How¬ 
ever,  overall  impacts  are  not  expected  to  be  significant. 

No  farmsteads  and  residences,  businesses,  or  public  facilities 
would  be  acquired.  The  Dead  Colt  Creek  Dam  would  benefit  about  503 
farmsteads  and  residences,  12  businesses,  and  6  public  facilities  down¬ 
stream  of  the  dam  to  just  south  of  West  Fargo.  Within  the  same  area, 
about  1,500  persons  would  benefit. 

Construction  of  the  dam  would  temporarily  increase  noise  levels. 
However,  because  of  the  rural  character  of  the  area  and  the  distance 
from  "  ^ple  who  might  be  affected,  the  increase  is  not  expected  to  have 
a  significant  impact  on  any  individuals  or  groups. 

The  alternatives  would  have  no  aesthetic  impacts  on  the  Sheyenne 
River  or  streambed.  The  groundwater  levels  in  adjacent  areas  might 
be  increased  by  the  permanent  storage  pool;  this  increase  could  change 
vegetative  patterns  in  those  areas.  Other  aesthetic  impacts  could  re¬ 
sult  from  flood  pool  fluctuations.  After  the  flood  pool  receded,  the 
area  that  was  inundated  would  be  unsightly  until  it  was  vegetated  again. 
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Approximately  320  acres  of  cropland  and  460  acres  of  other  types 
of  land  would  be  required  for  construction  of  this  alternative.  All 
of  these  lands  include  fish  and  wildlife  mitigation  lands.  The  lands 
benefited  would  include  about  23,400  acres  of  cropland  and  100  acres 
of  urban  land.  Some  reduction  in  flood  damages  from  near  Anselm  to 
the  mouth  of  the  Sheyenne  River  is  expected  for  the  first  peak  on  the 
Sheyenne  River.  However,  no  reduction  can  be  attributed  to  this 
alternative  alone  because  it  must  be  coupled  with  other  alternatives 
that  would  reduce  the  second  peak. 

The  project  described  here  is  being  considered  for  implementation 
by  the  North  Dakota  State  Water  Commission  in  conjunction  with  other 
non- Federal  agencies  and  interests.  Consequently,  the  project  features 
and  cost  estimates  are  based  on  information  provided  by  the  North  Dakota 
State  Water  Commission. 

ALTERNATIVES  THAT  COULD  BE  MAJOR  COMPONENTS  OF  FLOOD  DAMAGE  REDUCTION  PLANS 

The  alternatives  discussed  in  this  section  are  those  determined  in 
stage  3  to  have  the  potential  to  significantly  reduce  flood  damages  in 
the  Sheyenne  River  basin  and  could  be  used  as  the  major  components  of 
any  comprehensive  flood  damage  reduction  plan.  These  major  components 
are: 

•  Levees  and  flood  diversion  system  around  West  Fargo/Riverside 
(M-29  to  M-24) . 

•  Diversion  of  the  Sheyenne  River  (M-42  to  M-24). 

•  Baldhill  Dam. 
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Levees  and  Flood  Diversion  System  Around  West  Fargo  and  Riverside  (M-29 
to  M-24) 


This  alternative  would  consist  of  a  flood  diversion  channel  and 
levee  to  protect  West  Fargo  and  Riverside.  The  diversion  channel  would 
start  about  Sheyenne  River  mile  29,  which  is  just  north  (downstream)  of 
Interstate  Highway  94,  and  then  pass  to  the  west  of  West  Fargo  generally 
along  the  alignment  of  Cass  County  Drain  No.  21,  rejoining  the  Sheyenne 
River  just  north  of  the  city  at  about  Sheyenne  River  mile  24.  The  earthen 
levees  would  be  offset  from  both  of  the  diversion  channel  edges  approxi¬ 
mately  125  feet  and  would  follow  the  same  general  alignment,  tying  back 
into  high  ground  on  both  the  north  and  south  sides  of  West  Fargo/River¬ 
side.  Sheyenne  River  flood  flows  would  be  completely  diverted,  with 
two  closure  structures  preventing  flows  from  entering  into  the  city: 
one  at  the  downstream  levee-river  crossing  to  prevent  backup  flow  into 
the  city  and  one  upstream  near  the  Interstate  Highway  94  bridge  to  di¬ 
vert  the  main  flow  of  the  Sheyenne  into  the  diversion  channel.  The 
alignment  and  features  are  illustrated  in  figures  L-8  through  L-ll. 

The  levees  and  flood  diversion  channel  would  be  designed  to  protect 
the  West  Fargo/Riverside  area  from  the  standard  project  flood.  More 
specific  data  for  both  the  1-percent  chance  and  standard  project  flood 
designs  are  displayed  in  table  L-14. 

The  levee  segments  identified  on  figures  L-8  through  L-ll  as  levee 
reaches  A,  B,  C,  D,  and  E  would  be  designed  to  provide  positive  degrees 
of  flood  protection  to  the  areas  within  the  levees.  The  levee  reaches 
F,  G,  and  H,  however,  would  be  designed  as  levees  with  a  low  frequency 
level  of  protection.  These  would  be  overtopped  by  the  larger  floods, 
such  as  the  standard  project  flood.  Overtopping  of  these  three  segments 
of  levee  would  ensure  that  protection  would  be  provided  by  the  remaining 
segments  of  levee  to  the  urbanized  portions  of  the  community. 
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Table  L-14  -  Pertinent  information: 

levees 

and  diversion  channel  around 

West  Fargo  and 

Riverside  (M-29  toM-24) 

100-year 

(1-percent 

Standard 

Item 

chance)  flood 

project  flood 

Pertinent  data 

Design  discharge  (cfs) 

Channel 

3,400 

(1) 

Bottom  width  (feet) 

55 

55 

Top  width  (feet) 

127 

127 

Length  (miles) 

4.0 

4.0 

Average  depth  (feet) 

Levee 

12  or  less 

12  or  less 

Top  width  (feet) 

10 

10 

Length  (miles) 

13.1 

13.1 

Average  height  with  freeboard  (feet) 

6.0 

6.5 

Levee  offset  from  channel  (feet) 

125 

125 

Economics 

Costs 

First  cost  ($million) 

16.5 

17.2 

Average  annual  cost  ($1,000) 
Benefits 

1,450 

1,529 

Flood  control  ($1,000): 

West  &rgo 

18,870 

19,551 

Valley  City 

0 

Agricultural  (Sheyenne  River) 

41 

41 

Other 

3 

3 

Subtotal,  flood  control 

18,914 

19,595 

Total  benefits  ($1,000) 

18,914 

19,595 

Benefit-cost  ratio 

13 

13 

Net  benefits  ($1,000) 

17,464 

18,066 

Social  effects 

Property  acquired 

l(3) 

1  (3) 

Ibrmsteads  and  residences 

Businesses 

2 

2 

Public  facilities 

Properties  benefited 

1 

1 

Farmsteads  and  residences 

1,640 

1,640 

Businesses 

150 

150 

Public  facilities 

40 

40 
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Table  L-14  -  Pertinent  information:  levees  and  diversion  channel  around 


West  Fargo  and  Riverside 

(H-29  to  M-24) 

Item 

100-year 
(1-percent 
chance)  flood 

Standard 
project  flood 

Persons  relocated. 

Persons  benefited^- 

0 

0 

8,400 

8,400 

Lands  required  (acres) 

Cropland 

65 

70 

Other 

264 

309 

Lands  benefited  (acres) 

Cropland 

— 

— 

Urban 

1.700, 

1,800''  ' 

1,700 

1,800''  ; 

Other 

Transportation  -  roads  severed 

0 

0 

Flood  damage  reduction  effectiveness 

Reduces  total  flood  damages  (percent) 

Valley  City 

0 

0 

West  largo 

95 

98 

Total  Sheyenne  River 

65 

68 

Reduces  1-percent  chance  flood  level 

Valley  City 

0 

0 

West  Fargo 

(5) 

(5) 

(1)  The  design  of  the  channel  is  the  same  as  for  the  1-percent  chance 
flood  channel;  however,  because  of  the  increased  levee  height  and  the 
larger  magnitude  of  the  flood,  higher  flows  will  be  conveyed  through  the 
channel. 

(2)  Benefited  by  reduced  flood  damages. 

(3)  One  multifamily  complex. 

(4)  Lands  within  leveed  area  currently  used  as  cropland  or  vacant;  most 
probably  will  be  developed  for  urban  use. 

(5)  Flood  heights  within  the  channel  will  be  at  or  near  natural  flood 
heights  without  the  project;  however,  those  areas  protected  by  the  alter¬ 
native  will  have  greatly  reduced  flood  levels  and  would  be  removed  from 
the  classification  of  floodplain. 


The  diversion  channel  would  be  about  4  miles  long,  with  a  bottom 
width  of  55  feet  and  an  average  depth  of  approximately  12  feet.  About 
13  miles  of  earthen  levee  is  proposed,  with  a  top  width  of  10  feet  and 
an  average  height  for  the  100-year  flood  and  standard  project  flood  of 
6.0  feet  and  6.5  feet,  respectively.  These  average  heights  include  3 
feet  of  freeboard  (a  factor  of  safety). 

First  costs  range  from  $16.5  million  for  the  1-percent  chance  to 
$17.2  million  for  the  standard  project  flood  level  of  protection.  The 
average  annual  costs  are  $1.4  million  for  the  1-percent  chance  and  $1.5 
million  for  the  standard  project  flood  plan.  No  flood  control  benefits 
would  be  gained  in  areas  upstream  of  this  alternative.  However,  $18.87 
million  to  $19.55  million  in  flood  control  benefits  can  be  credited  in 
the  West  Fargo  area  for  the  1-percent  chance  and  standard  project  flood 
designs,  respectively. 

This  alternative  would  affect  a  variety  of  woodland,  grassland,  wet¬ 
land,  and  cropland  areas.  Summaries  of  the  impacts  associated  with  the 
levee  and  diversion  alternative  can  be  found  in  table  L-15.  The  areas 
generally  have  relatively  low  wildlife  value  because  of  the  large  propor¬ 
tion  of  cropland  and  adjacent  urban  areas.  The  diversion  would  follow 
an  existing  county  ditch  which  contains  both  grassland  and  wetland  habi¬ 
tats.  Mitigation  could  probably  be  accomplished  on  project  lands  if 
similar  habitat  could  be  created. 
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Table  L-15  -  Summary  of  impacts  associated  with  levees  and  flood  diversion 
_ channel  around  West  Fargo  and  Riverside  (M-29  to  M-24) 

Item _ Impact _ 

Habitat 


Woodland 


Cropland 


About  2  acres.  Woodland  affected  where 
diversion  leaves  and  reenters  river. 
Limited  value  because  of  urban  setting. 
Some  use  by  squirrels  and  other  small 
wildlife  and  birds. 

About  10  acres  affected  by  diversion. 
About  60  acres  affected  by  levees.  Low 
wildlife  value  because  of  abundance  in 
area. 


G  rassland 

Wetland 

Fish 

Miscellaneous 

Rare  plants  and  animals 
Water  quality 

Aesthetics 

Planning  constraints 

E.O.  11988  (Floodplains) 

E.O.  11990  (Wetlands) 


About  50  acres  affected  on  slopes  of  exist¬ 
ing  diversion.  Some  use  by  urban  wildlife. 

About  20  acres  of  seasonal  wetland  on  the 
ditch  bottom  affected.  Low  value  because 
of  lack  of  interspersion  and  urban  setting. 

No  impact. 


No  effect. 

Temporary  increase  in  turbidity  during 
construction. 

The  levees  would  block  existing  views 
in  residential  area.  Minimal  impact. 


This  alternative  is  constructed  in  the 
floodplain  and  could  change  land  use  and 
nature  of  future  developments. 

Minor.  Some  wetland  habitat  is  in  existing 
ditch  bottom. 


Preserve  riverine  environment  Very  minimal  effect  on  riverine  environment. 

Federal  threatened  and  en-  None  known, 

dangered  species 

Federal  and  State  wild  and  No  effect, 

scenic  rivers 
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Table  L-15  -  Summary  of  impacts  associated  with  levees  and  flood  diversion 
_ channel  around  West  Fargo  and  Riverside  (M-29  to  M-24)(cont) 


Item 


Impact 


Areas  of  critical  national  importance 

Game  management  areas.  No  effect, 

refuges,  grasslands,  etc. 


This  alternative  would  not  affect  any 
known  cultural  resources;  however,  un¬ 
detected  cultural  resources  could  be 
affected. 


Cultural  resources 


■I 


The  diversion  would  temporarily  increase  turbidity  and  sedimen¬ 
tation  during  construction.  These  increases  would  have  minor  impacts 
on  fish  and  wildlife.  Both  the  1-percent  chance  and  standard  project 
flood  designs  would  have  similar  impacts,  although  the  standard  project 
flood  design  would  have  slightly  higher  total  land  requirements.  Depend¬ 
ing  on  location,  additional  woodland  and  cropland  would  be  affected. 

Aesthetic  qualities  would  be  affected  both  positively  and  negatively 
by  either  design.  Vegetation  can  be  considered  a  positive  asset  in 
any  setting  in  which  it  does  not  form  the  characteristic  landscape. 

A  significant  change  in  grade  brought  about  by  the  construction  of 
levees  will  block  existing  views  to  open  space  and  river  habitat  in  the 
residential  area.  Opportunities  for  the  development  of  a  nature  trail 
or  promenade  along  the  river  could  mitigate  the  disruption  of  views. 
Plantings  incorporated  on  the  levee  contour  could  be  considered  to  have 
a  positive  effect  on  the  visual  landscape.  Use  of  the  existing  channel 
drain  alignment  for  the  diversion  channel  would  minimize  disturbance 
to  existing  vegetation.  The  class  B  landscape  character  in  this  area 
is  of  common  scenic  value. 

Both  designs  would  involve  the  acquisition  of  one  multifamily  complex 
and  two  businesses — one  business  near  the  intersection  of  U.S.  Highway  10 
and  the  fairgrounds  road  and  the  second  business  at  the  south  end  of  the 
fairgrounds  road  at  13th  Avenue  West.  Both  designs  would  also  involve 
the  acquisition  of  one  public  facility — the  campgrounds  just  to  the  east 
of  the  fairgrounds.  The  alternative  would  benefit  1,640  residences,  150 
businesses,  and  40  public  facilities  within  the  West  Fargo/Riverside  area. 
Also  within  this  same  area,  approximately  8,400  persons  would  benefit. 
Because  the  standard  project  flood  level  of  protection  provided  by  the 
levees  is  greater  than  the  base  flood  (1-percent  chance  flood)  level, 
the  area  protected  by  these  levees  would  no  longer  be  classified  as  flood 
prone . 
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The  effects  of  noise  associated  with  the  levee  and  diversion  would 
be  minimal.  Construction  activities  would  be  limited  to  urban  nonresi— 
dential  and  rural  areas.  In  West  Fargo,  construction  related  noise 
would  be  audible  only  at  a  few  Isolated  industrial  firms  where  ambient 
noise  levels  are  normally  high.  Noise  levels  might  be  temporarily  in¬ 
creased  by  the  movement  of  heavy  equipment  to  and  from  the  construction 
site  and  by  detoured  local  traffic.  Following  construction,  noise  levels 
associated  with  the  operation  and  maintenance  of  the  diversion  would  be 
negligible. 

Although  construction  of  this  alternative  could  increase  inmiigration 
to  West  Fargo  and  Riverside,  this  effect  is  not  anticipated.  Both  West 
Fargo  and  Riverside  are  experiencing  significant  increases  in  population 
because  people  working  in  Fargo  and  Moorhead  locate  there  to  take  advantage 
of  the  lower  tax  base.  A  considerable  amount  of  residential  growth  is 
also  occurring  in  the  floodplain  of  the  Sheyenne  River.  A  significant 
amount  of  this  growth  is  taking  place  between  Horace  and  West  Fargo. 
However,  the  potential  for  flooding  in  these  areas  is  not  limiting  new 
development  at  the  present.  Therefore,  the  protection  provided  by  this 
alternative  is  not  expected  to  result  in  any  significant  Increases  in 
development  of  floodplain  areas. 

Construction  of  the  diversion  alternative  would  somewhat  alter  the 
aesthetic  character  of  the  area.  The  streambed  and  banks  of  the  Sheyenne 
River  would  remain  unchanged.  However,  the  character  of  the  county  ditch 
21  area  would  be  altered.  The  levee  and  diversion  banks  would  probably 
be  unsightly  before  seeding  and  vegetation.  Grass  cover  would  be  main¬ 
tained  in  the  channel  and  on  the  levees.  Once  vegetated,  the  diversion 
might  be  perceived  as  an  improvement  over  the  existing  unkept  meadow  and 
weed  area.  The  levee  would  separate,  visually  as  well  as  physically,  the 
areas  on  either  side  of  the  existing  ditch.  The  protection  from  flooding 
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could  be  interpreted  as  a  benefit  to  aesthetic  quality  because  it  would 
prevent  the  visual  deterioration  of  the  area  associated  with  the  mud  and 
debris  temporarily  present  following  flooding.  The  diversion  may  also 
provide  an  aesthetic  benefit  by  lessening  the  deterioration  of  existing 
structures  in  the  floodplain  which  are  susceptible  to  periodic  inunda¬ 
tion.  The  area  between  the  levees  and  other  project  lands  could  be 
developed  into  open  space  parks  or  incorporated  into  trail  systems. 

The  diversion  and  levees  around  West  Fargo  would  require  modifications 
to  a  number  of  transportation  routes.  Traffic  along  U.S.  Highways  10  and 
52  would  probably  be  funneled  into  a  reduced  number  of  lanes  during  the 
construction  work  on  the  affected  bridges.  A  number  of  paved  and  unpaved 
country  roads  would  also  require  bridge  modifications,  as  would  several 
city  roads  in  West  Fargo.  Traffic  along  these  roads  would  probably  be 
detoured  to  alternate  routes  during  construction.  None  of  the  roads  or 
highways  would  be  permanently  closed,  nor  is  it  anticipated  that  any 
route  would  require  large-scale  relocation.  The  inconvenience  associated 
with  detouring  and  temporary  lane  closures  is  considered  a  negative  im¬ 
pact  of  short  duration.  This  inconvenience,  however,  should  be  weighed 
against  the  route  closures  which  currently  result  from  road  inundations 
and  washouts  during  floods  when  the  delivery  of  emergency  services  along 
these  routes  is  most  critical.  Following  construction,  the  diversion  and 
levee  alternative  should  reduce  the  stress  on  emergency  service  deliveries 
during  floods,  resulting  in  better  services  to  those  requiring  special 
assistance. 

The  levees  and  diversion  alternative  should  benefit  community  cohesion 
by  permitting  the  continued  viability  of  those  portions  of  West  Fargo  and 
Riverside  susceptible  to  periodic  large-scale  flooding.  The  diversion 
would  not  bisect  any  existing  neighborhoods,  nor  would  it  be  likely  to 
cause  any  intergroup  conflicts.  No  common  community  meeting  points  would 
be  relocated  or  disrupted,  and  no  minority  groups  would  be  affected. 
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The  diversion  around  West  Fargo  and  Riverside  would  have  a  minimal 
impact  on  coanunity  growth.  Development  is  presently  occurring  in  flood- 
plain  areas  along  the  river.  This  development  has  been  stimulated  by 
lower  development  costs  and  the  protection  against  large-scale  financial 
loss  provided  by  flood  insurance.  Therefore,  the  security  provided  by 
the  diversion  and  levees  will  probably  not  enhance  growth  in  these 
areas.  The  levee  and  diversion  system  has,  however,  been  designed  to 
accommodate  future  growth. 

The  flood  reduction  benefits  would  also  include  protection  of  water 
supply  and  sewer  systems  in  West  Fargo  and  Riverside  during  floods. 

This  alternative  would  not  impose  costs  on  individuals  or  groups 
who  would  not  benefit  from  it.  Residents  downstream  of  West  Fargo  be¬ 
lieve  this  alternative  could  worsen  their  flood  problems.  However,  the 
only  appreciable  change  likely  might  be  a  slight  increase  in  flood  stages 
for  a  short  distance  upstream  of  the  diversion.  These  upstream  effects, 
although  minor,  will  be  evaluated  in  further  detail  in  subsequent  studies. 

Approximately  65  acres  of  cropland  and  264  acres  of  other  types  of 
land  would  be  required  for  construction  of  the  1-percent  chance  flood  de¬ 
sign.  The  standard  project  flood  design  would  require  70  acres  of  crop¬ 
land  and  309  acres  of  other  types  of  land.  The  lands  benefited  by  both 
plans  are  1,700  acres  urban  and  1,800  acres  of  other  types  which  include 
land  within  the  leveed  area  currently  used  as  cropland  or  vacant  and 
which  will  most  probably  be  developed  for  urban  uses. 

For  the  1-percent  chance  flood  design,  flood  damages  at  West  Fargo/ 
Riverside  would  be  reduced  95  percent,  which  represents  65  percent  of 
the  total  Sheyenne  River  flood  damages.  The  standard  project  flood  de¬ 
sign  would  reduce  flood  damages  at  West  Fargo/Riverside  98  percent, 
representing  68  percent  of  the  total  Sheyenne  River  damages. 
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Although  these  alternatives  would  maintain  flood  levels  within  the 
channel  at  or  near  natural  flood  heights  without  the  project,  those 
areas  protected  by  the  alternative  would  have  greatly  reduced  levels. 

With  the  average  annual  cost  of  $1.4  million  for  the  1-percent  chance 
flood  design  and  total  benefits  of  $18.9  million  for  the  same  design, 
the  benefit-cost  ratio  is  13.0.  The  standard  project  flood  design 
average  annual  cost  of  $1.5  million  and  total  benefits  of  $19.6  million 
also  yield  a  benefit-cost  ratio  of  13.  Both  levels  of  protection  are 
economically  feasible. 

Additional  information  on  the  interior  drainage  and  hydraulic  de¬ 
sign  features  of  the  levees  and  diversion  can  be  found  in  Appendix  C; 
additional  information  on  the  strength  of  soils  and  slope  stability 
can  be  found  in  Appendix  K. 

Flood  Diversion.  Sheyenne  River  from  Horace  to  West  Fargo  (M-42  to  M-29) 

A  flood  diversion  channel  would  reduce  flood  stages  along  the  Shey¬ 
enne  River  from  Horace  to  just  upstream  of  West  Fargo.  The  channel  would 
start  in  Section  19  of  Stanley  Township  about  1  mile  southwest  of  Horace, 
proceed  north  paralleling  the  Sheyenne  River,  and  join  Cass  County  Drain 
No.  21.  The  diversion  would  follow  Cass  County  Drain  No.  21  to  1-94 
where  it  would  join  the  proposed  diversion  and  levee  system  around  West 
Far go /Riverside.  The  alignment  and  features  are  illustreated  in  figure 
L-12.  This  diversion  would  have  to  be  an  upstream  extension  of  the  M-29 
to  M-24  diversion  alternative  around  West  Fargo  to  be  considered  workable. 
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The  diversion  inlet  structure,  located  just  southwest  of  Horace, 
would  be  designed  to  pass  low  and  normal  flows  along  the  natural  chan¬ 
nel  of  the  Sheyenne  River  and  divert  a  portion  of  the  flood  flows  in¬ 
to  the  diversion  channel.  When  flows  would  reach  about  750  cfs  just 
upstream  of  the  inlet  structure,  some  water  would  be  diverted.  As 
the  flows  increase,  the  amount  of  water  entering  the  diversion  channel 
would  also  increase.  When  flows  would  reach  about  3,400  cfs  (comparable 
to  the  1979  flood  flows),  about  half  of  the  flow  would  be  diverted  in¬ 
to  the  diversion  channel.  The  diversion  channel  would  be  designed  to 
handle  a  flow  of  1,700  cfs.  At  Horace,  river  levels  during  a  major 
flood  (such  as  the  1979  flood)  would  be  lowered  by  about  3%  feet.  The 
inlet  structure  would  be  designed  to  ensure  that  water  levels  on  the 
upstream  side  of  the  inlet  would  not  be  lowered  so  that  the  flows  enter¬ 
ing  the  diversion  and  river  would  not  be  greater  than  flows  along  the 
river  under  preproject  conditions.  Pertinent  information  on  the  flood 
diversion  channel  is  shown  in  table  L-16. 

The  first  cost  of  this  alternative  is  about  $8.1  million,  repre¬ 
senting  an  average  annual  cost  of  $706;300.  An  estimated  $1,383,000  in 
average  annual  flood  control  benefits  would  accrue  in  the  reach  from 
Horace  to  West  Fargo. 

This  alternative  would  have  to  be  coupled  with  the  M-29  to  M-24 
diversion.  It  would  reduce  flood  damages  between  Horace  and  We st  Fargo, 
resulting  in  a  5-percent  reduction  in  total  Sheyenne  River  flood  damages. 
With  an  average  annual  cost  of  $706,300  and  total  average  annual  benefits 
of  $1,383,000,  this  alternative's  benefit-cost  ratio  is  1.9,  with  average 
annual  net  benefits  of  $676,700. 

The  level  of  flood  protection  and  full  estimate  of  benefits  provided 
by  the  flood  diversion  channel  in  the  reach  from  Horace  to  West  Fargo 
cannot  be  precisely  established,  partly  because  of  the  uncertainties 
about  the  specific  local  agricultural  levees  upstream  that  would  be  over¬ 
topped  and/or  fail  during  floods  larger  than  the  2-percent  chance  event. 
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The  benefits  have  been  fully  credited  for  up  to  the  2-percent  chance 
level  flood  at  Horace  and  for  the  non-urban  residential  developments  in 
the  reach.  For  events  greater  than  the  2-percent  chance  flood,  the  diver¬ 
sion  would  provide  additional  benefits,  but  the  reductions  may  not  be 
sufficient  to  reduce  the  flood  stages  to  non-damaging  levels  in  all  reaches 
For  floods  larger  than  the  2-percent  chance  event,  the  potential  for 
damages  during  any  given  flood  in  the  protected  reach  exists  if  certain 
upstream  rural  levees  would  be  overtopped  and/or  fail.  Although  addi¬ 
tional  benefits  could  be  claimed,  these  benefits  represent  less  than  10 
percent  of  the  total  benefits  to  be  gained,  and  the  justification  needed 
to  claim  this  additional  amount  is  not  easily  documented.  These  additional 
benefits  are  not  needed  to  demonstrate  economic  feasibility.  Private 
levees  that  parallel  the  Sheyenne  River  from  Kindred  to  Horace  upstream 
of  the  inlet  to  the  flood  diversion  channel  affect  the  location  and 
direction  of  breakout  flows.  Major  breakouts  have  occurred  both  to  the 
east  and  to  the  west.  Breakouts  that  go  to  the  east  enter  drainage 
patterns  which  end  up  in  either  the  Wild  Rice  River  or  the  Red  River  of 
the  North.  For  events  smaller  than  the  2-percent  chance  event,  such 
breakouts  do  not  pose  any  significant  threat  to  the  developments  along 
the  Sheyenne  River  from  Horace  to  West  Fargo.  Breakout  flows  that  go 
to  the  west  enter  one  of  several  county  drain  systems  which  eventually 
rejoin  either  the  Sheyenne  River  or  the  Maple  River  near  or  north  of 
West  Fargo.  For  floods  of  the  magnitude  of  the  standard  project  flood, 
most  of  the  breakout  flows  go  to  the  west  and  rejoin  the  Maple  River 
northwest  of  West  Fargo. 

Breakout  flows  generally  do  not  reenter  the  Sheyenne  River  because 
the  banks  of  the  Sheyenne  are  higher  than  the  surrounding  ground.  The 
course  of  the  breakout  flows  is  guided  by  the  various  road  and  railroad 
embankments  that  cross  the  area.  The  specific  direction  and  location  of 
the  breakout  flows  depend  upon  which  section  of  private  levee  is  over¬ 
topped  and/or  fails.  The  east-west  county  road  about  1  mile  south  of 
Horace  and  the  Burlington  Northern  Railroad  embankment  that  passes  through 
Horace  are  the  greatest  barriers  to  any  breakout  flows  that  might  threaten 
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Horace  from  the  east  and  immediately  upstream  of  Horace.  Regulation  of 
the  private  levees  upstream  of  Horace  is  essential  for  proper  functioning 
of  the  flood  diversion  channel.  Future  regulation  of  the  floodplain 
should  also  consider  the  roles  that  the  roadway  and  railroad  embankments 
serve  as  levees  and  flow  diverters. 

The  sizing  of  the  diversion  channel  was  selected  because  of  the 
relatively  high  degree  of  protection  and  stage  reductions  that  it  provides 
in  the  reach  from  Horace  to  West  iargo.  For  smaller  flood  diversion  chan¬ 
nels,  the  effectiveness  of  the  channel  for  flood  damage  reduction  falls 
off  rapidly.  For  example,  a  1000  cfs  channel  would  result  in  a  40-per¬ 
cent  decrease  in  benefits  with  a  level  of  protection  of  about  the  10- 
percent  chance  event.  Although  the  costs  of  the  smaller  diversion  channel 
would  be  less,  net  benfits  would  probably  be  significantly  less  because 
many  costs  such  as  road  and  bridge  removal  costs  and  land  costs  are  not 
reduced  on  the  same  scale  as  the  benefits  of  a  smaller  channel  are 
decreased. 

To  provide  for  assured  higher  levels  of  protection  with  the  diversion 
channel,  levees  must  be  added  to  the  plan,  and  interior  drainage  features 
such  as  ponding  areas,  gated  culverts,  and  possible  pumping  stations  also 
must  be  added  in  some  areas.  Addition  of  these  features  most  likely  would 
decrease  net  benefits.  However,  future  detailed  design  studies  should 
consider  further  economic  evaluation  to  determine  the  optimum  point  of 
net  benefits.  Based  on  the  uncertainties  of  location  of  upstream  break¬ 
outs  and  the  large  amount  of  benefits  achieved  with  the  selected  size, 
the  selected  channel  size  is  probably  very  close  to  the  economic  optimum. 
If  the  more  detailed  evaluations  determine  that  greater  net  benefits  are 
possible  without  a  significant  reduction  in  the  degree  of  flood  protection 
provided  or  without  an  increase  in  the  adverse  social  and  environmental 
Impacts  of  the  channel,  the  channel  size  should  be  modifed  to  achieve  the 
greater  net  benefits. 
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Table  L-16  -  Pertinent  information:  flood  diversion  channel  from  Horace  to 


West  Fargo  (M-42  to  M-29 


Item _ Amount 


Pertinent  data 


Design  discharge  (cfs)  1,700 

Channel 

Bottom  width  (feet)  20 

Top  width  (feet)  200-230 

Length  (miles)  7.1 

Average  depth  (feet)  10-12 


Economics 


Cost 

First  cost  ($millions)  8. 

Average  annual  cost  ($1,000)  706 

Benefits 

Flood  control  ($1,000) 

West  Fargo 

Valley  City  0 

Agricultural  (Sheyenne  River)  30 

Other  1,353 

Subtotal  flood  control  ($1,000)  1,383 

Benefit-cost  ratio  1. 

Net  benefits  ($1,000)  677 

Social  effects 

Properties,  farmsteads,  businesses,  etc.,  acquired  0 

Properties  benefited 

Farmsteads  and  residences  330 

Businesses  11 

Public  facilities  5 


Persons  relocated  0 
Persons  benefited^  1,000 
Lands  required  (acres) 

Cropland  145 


Table  L-16  -  Pertinent  Information:  flood  diversion  channel  from  Horace  to 
_ West  ftrgo  frf-42  to  M-29) (cont) _ _ 


_ Item _ _ Amount 

Lands  benefited  (acres) 

Cropland  6,000 

Urban  10Q 

Other 

Transportation  -  roads  severed  0 


Flood  damage  reduction  effectiveness 
Reduces  total  flood  damages  (percent) 


Valley  City  0 

West  Ihrgo 

Total  Sheyenne  River  5 

Reduces  1-percent  chance  flood  level 

Valley  City  0 

West  Fargo  (2) 


(1)  Benefited  by  reduced  flood  damages. 

(2)  Flood  heights  at  West  Fargo  within  the  channel  will  be  at  or  near 
natural  flood  heights  without  the  project.  However,  those  areas  protected 
by  the  alternative  between  Horace  and  West  &rgo  will  have  their  flood 
levels  reduced  by  several  feet. 


The  diversion  channel  would  be  about  7*5  miles  long  with  a  bottom 
width  of  20  feet  and  an  average  depth  of  about  10  to  12  feet  by  the  time 
it  reached  the  M-29  to  M-24  diversion.  The  earth  removed  during  construc¬ 
tion  would  be  placed  on  the  overbank  areas. 

This  alternative  would  have  little  impact  on  the  environment  in  com¬ 
parison  with  other  flood  control  alternatives.  A  summary  of  the  impacts 
associated  with  this  alternative  can  be  found  in  table  L-17.  The  most 
valuable  habitat  in  the  lower  basin  is  the  riparian  woodland.  The  sur¬ 
rounding  land  use  is  predominantly  agricultural,  and  the  area  has  been 
classified  as  prime  farmland  by  the  Soil  Conservation  Service. 

The  riparian  woodlands  provide  habitat  for  deer  and  semiaquatic  organ¬ 
isms  and  are  a  valuable  transition  area  for  migrating  birds.  The  woodlands 
are  essential  to  the  wintering  deer  herds  in  the  lower  basin.  Loss  of  the 
woodland  could  be  mitigated  by  plantings  along  the  diversion  right-of-way. 
Enhancement  opportunities  are  available  through  purchase  of  permanent  in¬ 
stead  of  temporary  easements  along  the  diversion  and  planting  of  vegetation 
or  windbreaks  in  these  areas.  The  windbreaks  would  provide  wildlife  habi¬ 
tat  and  could  be  designed  to  reduce  snow  accumulation  in  the  diversion 
channel. 

This  alternative  would  be  located  near  the  extreme  downstream  end 
of  the  Sheyenne  River  segment  identified  as  having  potential  for 
inclusion  In  the  Wild  and  Scenic  River  System  and,  therefore,  would  have 
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potentially  less  serious  impacts  than  would  other  alternatives  upstream. 
However,  the,  riprapping  and  shaping  of  the  diversion  channel  and  the 
Sheyenne  River  diversion  entry  point  would  constitute  an  obvious  intrusion 
by  man  and  would,  therefore,  have  a  negative  impact. 

This  alternative  would  not  involve  the  acquisition  of  any  farmsteads, 
residences,  businesses,  or  public  facilities.  The  diversion  would  bene¬ 
fit  330  farmsteads  and  residences,  11  businesses,  and  5  public  facilities. 
Also  within  the  same  area,  between  Horace  and  West  Fargo,  about  1,000 
persons  would  benefit. 

The  effects  of  noise  associated  with  the  diversion  would  be  minimal. 
Construction  activities  would  be  limited  to  nonresidential  and  rural  areas. 
There  may  be  a  slight  temporary  increase  in  the  level  of  noise  generated  by 
the  movement  of  heavy  equipment  to  and  from  the  construction  site  and  by 
detoured  local  traffic. 

A  considerable  amount  of  residential  growth  is  occurring  in  the  flood- 
plain  of  the  Sheyenne  River.  A  significant  amount  of  this  growth  is  taking 
place  between  Horace  and  West  Fargo.  However,  the  potential  for  flooding 
in  these  areas  is  not  limiting  new  development  at  the  present.  Therefore, 
the  protection  provided  by  this  alternative  is  not  expected  to  result  in 
any  significant  increases  in  development  of  floodplain  areas. 

Farming  practices  could  be  hampered  by  the  Horace  to  West  Fargo 
diversion  because  the  diversion  would  cut  diagonally  across  some  field 
sections.  Therefore,  farmers  along  the  diversion  route  would  lose 
some  portions  of  their  productive  farmland.  If  the  acquisition  of  a 
portion  of  a  farm  would  leave  its  owner  with  an  uneconomic  remnant, 
an  offer  to  acquire  the  entire  property  would  be  made. 
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Table  L-17  -  Summary  of  impacts:  diversion  from  Horace  to  West  Fargo 

_ (M-42  to  M-29) _ 

Item _ Impact _ 

Habitat 


Woodland 

Cropland 
G  rassland 
Wetland 


About  4  acres  used  by  deer  and  other  wild¬ 
life. 

45  acres. 

40  acres. 

Some  affected  on  ditch  bottom  of  existing 
drain. 


Fish 

M iscellaneous 

Rare  plants  and  animals 
Water  quality 


No  impact. 

No  effect. 

Temporary  increase  in  turbidity  during 
construction. 


Aesthetics 
Planning  constraints 

E.O.  11988  (Floodplains) 


E.O.  11990  (Wetlands) 


Adverse  effects  during  construction. 


This  alternative  would  be  built  in  the 
floodplain  and  could  change  land  use  and 
nature  of  future  developments. 

Minor.  Some  wetland  type  habitat  is  in 
existing  ditch  bottom. 


Preserve  riverine  environment  Minimal  effect  on  riverine  environment. 


Federal  threatened  and  None  known, 

endangered  species 


Federal  and  State  wild  and  The  diversion  channel  is  an  intrusion  by  man 

scenic  rivers  and,  therefore,  is  a  negative  impact. 

Would  be  located  at  downstream  end  of 
proposed  river  segment. 


Areas  of  critical  national  importance 

Game  management  areas,  refuges,  No  effect, 
grasslands,  etc. 

Cultural  resources  No  effect  on  any  known  cultural  resources; 

undetected  resources  could  be  affected. 
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Construction  of  the  diversion  alternative  would  somewhat  alter  the 
aesthetic  character  of  the  area.  Although  the  streambed  and  banks  of  the 
Sheyenne  River  would  not  be  changed,  the  character  of  the  county  ditch  21 
area  would  be  altered.  The  diversion  banks  would  probably  be  unsightly 
before  seeding  and  vegetation.  The  protection  this  alternative  would  af¬ 
ford  from  flooding  would  benefit  aesthetic  quality  because  it  would  pre¬ 
vent  the  visual  deterioration  of  the  area  associated  with  the  mud  and 
debris  temporarily  present  following  flooding.  The  diversion  may  also 
lessen  the  deterioration  of  existing  structures  in  the  floodplain  which 
are  susceptible  to  periodic  inundation. 

The  diversion  from  Horace  to  West  Fargo  would  temporarily  sever  trans¬ 
portation  along  several  gravel  roads  during  construction.  Two  of  the  seven 
county  roads  cut  by  the  diversion  would  have  bridges  constructed  while  the 
remaining  five  would  have  Texas  crossings  constructed.  While  the  roads  are 
closed,  access  to  farm  fields  would  be  hampered. 

Following  construction,  the  diversion  should  reduce  the  stress  on 
emergency  service  deliveries  during  floods,  resulting  in  better  services 
to  those  requiring  special  assistance. 

The  diversion  should  benefit  community  cohesion  by  permitting  the 
continued  viability  of  those  portions  of  the  West  Fargo  and  Horace  com¬ 
munities  susceptible  to  periodic  large-scale  flooding.  The  diversion 
would  not  bisect  any  existing  neighborhoods,  nor  do  any  inter-group  con¬ 
flicts  seem  probable.  No  common  community  meeting  points  would  be  re¬ 
located  or  disrupted  by  this  alternative,  and  no  minority  groups  would 
be  affected. 
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The  diversion  from  Horace  to  West  Fargo  would  have  a  minimal  impact 
on  community  growth.  Development  is  occurring  in  floodplain  areas  along 
the  river  because  of  lower  development  costs  and  the  protection  against 
large-scale  financial  loss  provided  by  flood  insurance. 

Modifications  to  existing  highways  and  roads  during  construction  could 
create  some  emergency  service  delays  and  additional  hazards  if  traffic 
rerouting  during  construction  was  not  handled  efficiently.  Any  major 
impediments  to  emergency  service  delivery  or  increases  in  traffic  acci¬ 
dents  could  be  avoided  through  an  adequate  program  of  notification  of 
delays  or  detours,  staggered  construction  of  parallel  routes,  and  planned 
emergency  vehicle  rerouting. 

The  diversion  from  Horace  through  West  Fargo  would  impose  added  costs 
on  some  farmers  in  the  form  of  additional  acres  taken  out  of  production, 
while  residents  living  along  the  river  would  receive  the  benefits  of  flood 
protection.  The  farmers  would  be  reimbursed  for  their  land;  however,  the 
level  of  distributive  equity  would  depend  on  the  farmers'  perception  of 
the  adequacy  of  the  terms  of  reimbursement  for  their  land  and  the  inconven¬ 
iences  that  would  result.  This  alternative  when  considered  by  itself  and 
acting  alone  may  also  impose  costs  on  residents  and  farmers  downstream  of 
West  Fargo  by  slight  potential  increases  in  peak  flood  stages  in  these 
areas.  This  impact  would  vary,  depending  on  the  specific  flood;  however, 
the  effect  would  be  in  the  range  of  about  0.1  to  0.2  foot  (or  about 
1  inch).  Although  this  increase  could  constitute  a  negative  effect  on 
both  distributive  equity  and  life,  health,  and  safety,  it  would  be  a 
relatively  minor  impact.  Nevertheless,  the  downstream  residents  would 
be  very  concerned  about  any  potential  increases  in  flood  levels.  To  offset 
this  potential  impact,  other  flood  damage  reduction  measures,  such  as 
upstream  flood  control  storage,  could  be  added  to  the  overall  flood 
damage  reduction  plan. 
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The  earth-fill  structure  at  Baldhill  Dam  would  be  raised  to  provide 
additional  flood  storage  capacity.  The  existing  dam  on  the  Sheyenne 
River  approximately  16  miles  upstream  of  Valley  City,  North  Dakota,  would 
be  used  as  the  base  for  construction  of  the  larger  dam.  A  new  emergency 
spillway  and  control  structure,  additional  land,  and  a  raised  embankment 
would  be  required.  To  comply  with  the  Federal  Dam  Safety  Program,  the 
existing  structure  would  need  some  structural  upgrading.  The  upgrading 
is  considered  a  part  of  the  "future  without"  project  condition  and  could 
be  accomplished  independent  of  the  raise  for  flood  control.  However,  be¬ 
cause  the  upgrading  and  raise  for  flood  control  are  both  being  considered 
at  this  time,  they  should  be  implemented  together.  During  preliminary 
evaluations,  several  levels  of  raises  were  considered.  Pertinent  data 
for  these  conditions  are  contained  in  table  L-18.  During  the  final 
evaluations,  only  raises  up  to  5  feet  were  considered.  A  summary  of 
pertinent  data  for  a  5-foot  raise,  including  a  comparison  of  the  future 
without  condition  when  only  the  structure  upgrading  would  be  accomplished, 
and  the  existing  condition  is  presented  in  table  L-19.  Figures  L-13, 

L-14,  and  L-15  show  a  plan  view  of  Lake  Ashtabula  with  the  existing 
Federal  property  line,  existing  lakeshore,  and  areas  of  potential  land 
acquisition  for  raised  conditions. 
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Table  L-18  -  Pertinent  information  on  raises  of  Baldhill  Dam^j 


Height  of  raise 


Item 

5  feet 

10  feet 

15  feet 

20  feet 

25  feet 

Pertinent  data 

Additional  storage 

31,400 

65,000 

105,000 

153,000 

210,000 

(acre-feet) 

Height  of  dam  (feet) 

43 

48 

53 

58 

63 

Elevations  (feet  above  msl) 

Top  of  dam 

1283 

1288 

1293 

1298 

1303 

Design  flood  pool 

1271 

1276 

1281 

1286 

1291 

Normal  pool 

Spring  drawdown 

1266 

1266 

1266 

1266 

1266 

level 

1257 

1257 

1257 

1257 

1257 

Lowest  outlet  level 

1238 

1238 

1238 

1238 

1238 

Lands  (acres) 

Flooded  at  design 
flood  pool 

Lands  to  be 

1,010 

2,230 

3,550 

4,970 

6,490 

acquired (2) 

2,700 

5,600 

8,400 

10,600 

13,300 

Economics 

Costs 

First  cost 
($  million)  (3) 
Average  annual  cost 

9.1 

20-30 

30-40 

40-50 

45-55 

($1,000) 

768 

2,200 

2,900 

3,800 

4,400 

Flood  control 

benefits  ($1,000) (5) 

1,454 

1,690 

1,830 

1,960 

2,050 

Benefit-cost  ratio 

1.9 

0.8 

0.6 

0.5 

0.5 

Net  benefits  ($1,000) 

686 

-510 

-1,070 

-1,840 

-2,350 

Environmental  effects 

(with  design 

flood  pool) 

Woodland 


Acres 
Percent  of 

total 

170 

395 

675 

965 

1,450 

affected 

8 

22 

37 

53 

80 

Grassland 

Acres 
Percent  of 

total 

230 

500 

885 

1,260 

1,620 

affected 

6 

21 

37 

53 

68 

Wetland 

Acres 
Percent  of 

total 

560 

675 

840 

980 

1,090 

affected 

35 

50 

63 

73 

81 

Cropland 

Acres 

Percent  of 

total 

240 

660 

1,150 

1,765 

2,325 

affected 

7 

20 

35 

54 

71 
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Table  L-18 

-  Pertinent  information  on  raises  of  Baldhill  Dam 

(cont) 

Height  of  raise 

Item 

5  feet  10  feet  15  feet  20  feet 

25  feet 

Environmental  effects  (cont) 


Mitigation  lands 
required  (acres) 

450 

1,500 

2,500 

2,900 

3,600 

Miles  of  river 
affected 

3 

8 

13 

16 

20 

Rare  species  affected 

Yes 

Yes 

Yes 

Yes 

Yes 

Threatened  and 

None 

None 

None 

None 

None 

endangered  species 

known 

known 

known 

known 

known 

affected 

Areas  of  national 
importance 
affected 

Yes 

Yes 

Yes 

Yes 

Yes 

Wild  and  scenic 
river  affected 

No 

No 

No 

No 

No 

Additional  lands 
affected  by 
infrequent  floods 
(acres) 

1,220 

1,320 

1,420 

1,520 

640 

Additional  river 
miles  affected 

5 

5 

3 

4 

2 

Aesthetic  qualities 
affected 

Yes 

Yes 

Yes 

Yes 

Yes 

Social  effects 

Properties  acquired 
Farmsteads  and  resi¬ 
dences  (at  upper  end) 

6 

13 

21 

21 

21 

Cabins  and  dwellings 

97 

170 

180 

190 

190 

(around  lake) 

Other 

4 

5 

7 

7 

7 

Properties  benefited(6) 
Farmsteads  and 
residences 

790 

790 

790 

790 

790 

Businesses 

70 

70 

70 

70 

70 

Public  facilities 

2 

2 

2 

2 

2 

Persons  relocated(7) 

15 

39 

63 

63 

63 

Persons  benefited (8) 

2,350 

2,350 

2,350 

2,350 

2,350 

Lands  benefited  (acres) (9) 
Cropland  23,350 

23,250 

23,250 

23,250 

23,250 

Urban 

100 

100 

100 

100 

100 

Other 

- 

- 

- 

- 

- 

Transportation  -  roads 
severed 

0 

0 

0 

0 

0 

Cultural  resource  sites 

20 

23 

34 

35 

43 

4 

.  a 
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Table  L-18  -  Pertinent  information  on  raises  of  Baldhlll  Dam^  (cont) 


Height  of  raise 

Item 

5  feet 

10  feet  15  feet  20  feet 

25  feet 

Flood  damage  reduction  effectiveness 


Reduces  total  flood 
damages  (percent) 

Valley  City 

West  Fargo 

66 

(10) 

78 

(10) 

84 

(10) 

89 

(10) 

92 

(10) 

Reduces  1-percent  chance 
flood  level  at  Valley 
City 

Yes 

Yes 

Yes 

Yes 

Yes 

(1)  Data  presented  for  the  10-  through  25-foot  raises  were  not  developed 
to  the  same  level  of  detail  as  the  data  for  the  5-foot  raise. 

(2)  Additional  lands  beyond  those  already  owned  by  the  Government.  This 
figure  also  includes  fish  and  wildlife  mitigation  lands. 

(3)  Estimates  of  first  costs  are  based  on  costs  allocated  to  flood  control. 
Costs  credited  to  structural  upgrading,  which  could  range  from  $15.2  to  $22 
million,  are  not  included  in  the  estimate. 

(4)  Average  annual  costs  of  $1,428,000  are  estimated  for  the  higher  first 
cost  of  $16.8  million.  For  a  first  cost  of  $9.1  million,  the  average  annual 
cost  would  be  $767,700. 

(5)  Benefits  were  estimated  for  Valley  City  and  Lisbon.  Additional  flood 
control  benefits  would  be  gained  in  the  rural  reaches  from  Valley  City  to 
Kindred.  Benefits  downstream  of  Kindred  could  also  be  credited,  particularly 
if  the  raises  of  Baldhill  Dam  are  considered  as  taking  effect  after  the  Dead 
Colt  Creek  dam  is  in  place.  The  additional  benefits  from  Kindred  to  West 
Fargo  could  range  from  $500,000  to  $800,000. 

(6)  Figures  reflect  properties  in  Valley  City  and  Lisbon.  However, 
additional  properties  would  benefit  in  the  rural  reaches  from  Baldhill  Dam 
to  Kindred.  Additional  benefits  for  the  second  peak  would  be  received  from 
properties  located  downstream  of  Kindred. 

(7)  Based  on  an  estimate  of  three  persons  per  residence. 

(8)  Would  benefit  from  reduced  flood  damages.  Does  not  include  the  area 
downstream  of  Kindred. 

(9)  Lands  benefited  do  not  include  lands  downstream  of  Kindred  which 
would  receive  benefits  from  reduction  of  the  second  peak. 

(10)  Benefits  at  West  Fargo  are  not  quantified  because  the  first  peak  at 
West  Fargo  would  not  be  reduced;  only  the  second  peak  would  be  affected. 
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Table  L-19  -  Comparison  of  5-foot  raise  of  Baldhill  Dam  with  existing  and 

_ future  without  project  conditions _ 

Future 

without  project 

Existing  condition  (includes  5-foot 

Item  condition  structural  upgrading  raise 


Raise  in  feet 


Storage  (in  acre-feet) 


Water  conservation 
Flood  control  (dual 

67,800 

67,800 

68,300 

use) 

Flood  control 

39,600 

39,600 

39,600 

(exclusive) 

— 

— 

31,400 

Total  storage 

68,600 

68,600 

100,000 

Elevations  (feet  above  msl) 

Top  of  dam 

1278.5 

1278.5 

1283.5 

Design  flood  pool 

1266.0 

1266.0 

1271.0 

Normal  pool 

Spring  drawdown 

1266.0 

1266.0 

1266.0 

level 

1257.0 

1257.0 

1257.0 

Lowest  outlet  level 

1238.0 

1238.0 

1238.0 

Lands  (acres) 

Permanent  pool 

5,430 

5,430 

5,430 

Flood  pool 

5,430 

5,430 

6,200 

Federally-owned  land 

8,483 

8,483 

11,200 

Spillway/control  structure 

Number  of  gates 

Use  of  existing 

3 

5 

5 

spillway 

Construct  additional 

Yes 

Yes 

Yes 

spillway 

Design  discharge  for 

No 

Yes 

Yes 

spillway  (cfs) 

43,100 

126,000 

126,000 

Estimated  first  cost 
of  construction 

($million)  —  $22.0  $31.1 


(R  12/83) 


L-157 


0 


CROSS  SECTION  OF  EXISTING  S  PROPOSER 


—  proposed 

- IX15T1HO 


The  permanent  pool  would  remain  at  the  current  elevation  (1266 
feet  msl);  however,  the  operating  plan  would  be  modified  to  use  the 
storage  above  the  permanent  pool  level  for  flood  control  only.  Re¬ 
leases  of  water  from  the  permanent  pool  during  nonflood  periods  would 
remain  similar  to  those  of  the  current  operation,  with  the  spring  draw¬ 
down  of  the  pool  level  as  low  as  elevation  1257  when  high  runoff  is 
anticipated. 

The  top  of  the  existing  dam  is  approximately  elevation  1278.  There¬ 
fore,  the  5-  to  25-foot  raises  would  increase  the  top  of  the  earth  em¬ 
bankment  to  elevations  ranging  from  about  1283  to  1303  feet  msl.  The 
additional  storage  for  a  5-foot  raise  would  be  about  31,400  acre-feet 
and  would  increase  proportionally  to  210,000  acre-feet  for  a  25-foot 
raise.  The  additional  land  that  would  need  to  be  acquired  would  range 
from  2,700  acres  for  the  5-foot  raise  to  13,300  acres  for  the  25-foot 
raise.  This  land  also  includes  fish  and  wildlife  mitigation  land. 

The  first  costs  of  this  alternative  would  range  from  $9.1  million 
for  the  5-foot  raise  to  $45  to  $55  million  for  the  25-foot  raise.  The 
cost  of  structural  upgrading  for  the  existing  structure  would 
be  about  $22.0  million.  This  cost  is  allocated  to  structural  upgrading, 
and  the  remaining  costs  are  allocated  to  flood  control.  The  average 
annual  costs  for  flood  control  would  range  from  $768,000  for  the  5-foot 
raise  and  to  about  $4.4  million  for  the  25-foot  raises. 

Flood  control  benefits  would^e  gained  downstream  of  the  dam,  with 
the  greatest  reductions  in  flood  levels  occurring  at  Valley  City. 
Proceeding  downstream  of  Valley  City,  the  reductions  in  flood  levels 
would  come  on  the  second  peak  at  Lisbon,  Kindred,  West  Fargo,  and  other 
locations.  Because  this  raise  would  only  be  partially  effective  in 
reducing  flood  levels  downstream  of  Kindred,  the  estimated  average  annual 
flood  control  benefits  were  quantified  primarily  for  Valley  City,  Lisbon, 
and  the  other  reaches  from  Baldhill  Dam  to  Kindred.  They  range  from  $1.45 
million  for  the  5-foot  raise  to  $2.05  million  for  the  25-foot  raise. 
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The  benefit-cost  ratios  for  the  various  raises  range  from  1.9 
for  the  5-foot  raise  to  0.5  for  the  25-foot  raise  if  the  ratios  con¬ 
sider  only  the  benefits  gained  at  Valley  City  and  Lisbon.  If  all 
downstream  benefits  were  quantified,  the  benefit-cost  ratios  would  be 
greater. 

Preliminary  estimates  of  the  average  annual  additional  flood 
control  benefits  in  the  reach  from  Kindred  to  West  Fargo  creditable 
to  a  5-foot  raise  would  range  from  $500,000  to  $800,000.  These  addi¬ 
tional  benefit  estimates  consider  the  Dead  Colt  Creek  dam  as  in  place 
and  functioning  with  the  raise  of  Baldhill  Dam.  This  situation  would 
result  in  a  benefit-cost  ratio  of  about  2.8.  Since  these  benefits 
represent  a  substantial  increase  from  those  presented  in  table  L-18, 
the  quantification  of  these  benefits  should  be  refined  in  subsequent 
detailed  engineering  studies.  This  refinement  could  be  particularly 
important  for  cost-sharing  purposes. 

Maximum  average  annual  net  benefits  would  be  obtained  with  the 
5-foot  raise  of  Baldhill  Dam  when  the  benefits  at  Valley  City,  Lisbon, 
and  rural  reaches  between  Baldhill  Dam  and  Kindred  are  considered.  In 
later,  more  detailed  design  studies,  further  refinement  of  the  evalua¬ 
tion  optimizing  the  net  benefits  of  the  raise  of  Baldhill  Dam  should 
be  considered.  If  the  net  benefits  can  be  increased  by  such  further 
refinement  without  appreciably  reducing  the  level  of  flood  protection 
provided  and  without  causing  adverse  social  and  environmental  impacts 
greater  than  those  of  the  5-foot  raise  condition,  then  the  raise  that 
provides  greater  net  benefits  should  be  implemented.  During  the 
optimizing  evaluation,  the  operating  plan  for  the  dam  should  also  be 
evaluated  in  greater  detail,  to  assure  that  the  plan  will  obtain  the 
optimum  combination  of  benefits,  costs,  social  and  environmental  impacts, 
and  level  of  flood  protection. 

Table  L-20  summarizes  the  impacts  of  raising  Lake  Ashtabula.  The 
narrative  that  follows  is  a  preliminary  evaluation  of  these  impacts  as 
determined  through  a  review  of  pertinent  literature,  field  surveys,  pub¬ 
lic  meetings,  and  conversations  with  representatives  of  natural  resource 
agencies. 
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Item 

Habitat 

Woodland 


Cropland 


Grassland 


Wetland 


Fish 


Miscellaneous 


_ Table  L-20  -  Summary  of  impacts  associated  with  raising  Baldhill  Dam 

.  _ _ "  '  lapse  t  T"  ~ 

S-foot  raise  10-foot  raise  15-foot  raise 

(elevation  1271) _ (elevation  1276) _ (elevation  1281) _ 


20-foot  raise 
(elevation  1286) 


25-foot  raise 
(elevation  1291) 


This  alternative  would  af¬ 
fect  170  acres  of  woodland 
that  are  heavily  used  by 
deer  for  winter  cover  and 
food.  There  is  heavy  use 
by  other  wildlife  also, 
mostly  because  of  the 
scarcity  of  woodland  in 
the  area.  Host  of  the 
impacts  are  located  up¬ 
stream.  Many  areas  are 
heavily  grazed.  Infre¬ 
quent  floods  would 
affect  an  additional  215 
acres  of  woods. 


Design  pool  would  affect 
395  acres;  infrequent 
floods  an  additional  250 
acres.  Affects  about  25Z 
of  woodland  in  area. 


Design  pool  would  affect 
675  acres;  infrequent 
floods  an  additional  275 
acres. 


Design  pool  would  af-  Design  pool  would  af¬ 
fect  965  acres;  inf-  feet  1,450  acres;  in- 
requent  floods  an  frequent  floods  an  ad- 
additional  305  acres,  ditional  130  acres. 
Affects  about  50Z  of 
woodland  in  area. 


Impacts  of  these  higher  pool  levels  are  similar  to  the  elevation  1271  pool  except  that  the  extent 
and  magnitude  of  the  Impacts  Increase  and  become  more  significant.  The  higher  pools  affect  a 
larger  portion  of  the  habitat  and  become  less  desirable  environmentally. 


Design  pool  would  affect 
about  240  acres;  infre¬ 
quent  floods  anpther 
365  acres. 


Design  pool  would  affect 
660  acres;  Infrequent 
flood.*  another  425  acre*  . 


Design  pool  would  affect  Design  pool  would  af-  Design  pool  would  af- 
1,150  acres;  Infrequent  feet  1,765  acres;  in-  feet  2,325  acres;  in¬ 

floods  another  505  acres,  frequent  floods  an-  frequent  floods  another 
other  555  acres.  235  acres. 


In  most  areas,  wildlife  use  is  very  light.  There  is  some  feeding  by  birds  snd  rodents,  They,  in  turn,  are  prey  species 
for  other  forms  of  wildlife.  There  is  an  abundance  of  cropland  in  the  area  and  outside  the  river  valley.  Fish  and  wild¬ 
life  impacts  resulting  t re a  cropland  loss  are  not  significant. 


Design  pool  affects  230 
acres;  infrequent  floods 
another  27$  acres. 


Design  pool  affects  500 
acres;  infrequent  floods 
another  330  acres.  Af¬ 
fects  about  25Z  of  grass¬ 
land  in  area. 


Design  pool  affects  885 
acres;  infrequent  floods 
another  360  acres. 


Design  pool  would  af¬ 
fect  1,260  acres;  in¬ 
frequent  floods  an¬ 
other  395  acres.  Af¬ 
fects  about  50Z  of 
grassland  in  area. 


Design  pool  would  af¬ 
fect  1,620  acres;  In¬ 
frequent  floods  another 
170  acres. 


Grassland  use  is  moderate  mostly  because  of  heavy  grazing.  Therefore,  grassland  generally  has  lower  habitat  value  compared  to 
downstream.  As  pool  levels  increase,  the  impacts  become  greater  as  a  larger  proportion  of  the  grassland  habitat  in  the  area 
is  affected.  Although  much  of  the  grassland  is  of  relatively  poor  quality  mostly  as  a  result  of  grazing  pressures.  It  provides  habl 
tat  for  birds,  mammals,  and  ocher  wildlife  and  is  important  because  of  its  interspersion  with  other  habitat  types. 


Design  pool  affects  560 
acres;  Infrequent  floods 
another  365  acres. 


Design  pool  affects  675 
acres;  infrequent  floods 
another  315  acres.  Af¬ 
fects  about  25Z  of  wet¬ 
land  In  area, 


Design  pool  affects  840 
acres;  Infrequent  floods 
another  280  acres. 


Design  pool  affects 
980  acres;  infre¬ 
quent  floods  another 
265  acres.  Affects 
about  50Z  of  wetland 
in  area. 


Design  pool  affects 
1,090  acres;  infre¬ 
quent  floods  another 
105  acres. 


Wetlands  in  this  area  usually  provide  good  to  excellent  habitat  for  aquatic  furbesrers  and  some  bird  species.  Most  oxbows 
are  relatively  large,  with  permanent  water.  Some  of  the  marsh  areas  and  oxbows  are  excellent  habitat.  As  the  pool  level 
increases,  more  habitat  is  affected  and  the  impact  becomes  more  significant. 


3  river  miles  affected.  8  river  miles  affected.  13  river  miles  affected.  16  river  miles  af-  20  river  miles  af¬ 
fected.  fected. 

Walleye,  northern  pike,  perch,  suckers,  bullheads,  and  other  species  are  found  in  the  river.  A  large  recreational  fishery 
is  associated  with  the  reservoir.  Some  river  fishing  also  exists.  Wo  long-term  Impacts  other  than  those  discussed  under 
water  quality  would  be  expected.  Short-term  impact*  such  as  death  of  some  invertebrate  populations  would  occur. 


Rare  plants  and  anlmala  2  species  may  be  affected.  Same  as  for  5-foot -raise.  Same  as  for  9-faot  raise.  Same  as  for  5-fcwot  Same  as  Tor  TfatC--, 
A  sedge  and  pondweed,  both  raise.  raise, 

rare  in’ North  Dakota,  are 
found  near  the  reservoir. 


Water  quality  Temporary  increases  in  turbidity  would  result.  Sedlmentat ion  would  occur  in  flood  pool.  Higher  flood  pools  could 

Increase  erosion  and  sedimentation.  Depending  on  the  amount,  this  could  cause  adverse  impacts  to  fish,  wildlife,  vegeta¬ 
tion,  and  aesthetics.  Weedy  species  would  probable  invade  the  silted  and  frequently  flooded  areas,  creating  less 
valuable  habitat. 


Aesthetics 


Planning  constraints 

E.0.  11988  (Flood- 
plain) 


The  aesthetic  impacts  are  associated  with  the  vegetation,  wildlife,  and  topographic  features.  The  raise  would  result  in 
long-term  Impacts.  Existing  riparian  vegetation  wruld  be  destroyed  in  many  areas  because  ot  long  inundation.  T!u  distinctive 
valley  and  coulee  landscape  would  be  Inundated  up  to  120  days.  A  toiporary  rise  may  create  new  opportunities  for  viewing 
wildlife.  Loss  of  habitat  and  regrowth  of  less  desirable  vegetation  would  affect  wildlife  populations  adversely. 


The  project  would  modify  some  floodplain  lands  and  possibly  change  the  nature  of  future  developments  downstream.  The 
amount  of  floodplain  lands  affected  and  probability  of  modifying  development  patterns  Increases  with  pool  raises. 


E.0.  11990  (Wet¬ 
lands) 

Preserve  riverine 
environment 


Federal  threatened 
and  endangered 
species 

Fader si  snd  Stste 
wild  snd  scenic 
rlvsrs 


Pool  raises  would  affect  some  excellent  wetland  habitat  Modified  sedimentation  patterns  would  affect  wetland  areas. 
Magnitude  and  significance  Increase  with  higher  pool  levels. 


Modifies  bosk  river 
environment  by  destroy¬ 
ing  some  vegetation  and 
wildlife  and  creating 
leaa  desirable  weedy 
vegetation. 

None  known 


The  higher  pool  levels  have  a  much  more  significant  Impact  on  the  river  environment  because  .? 
the  longer  reach  of  river  affected,  higher  elevation,  and  longer  duration  of  flooding.  The 
magnitude  of  the  Impact  on  vegetation,  wildlife,  and  aesthetics  Increases  drastically  with 
pool  level. 


None  known 


None  known 


None  known 


None  known 


Project  Is  not  In  an  Same  as  for  a  5- foot 

area  aalacted  for  pos-  raise. 

slble  inclusion  in 

either  the  Federal  or 

State  Wild  and  Scenic 

River  System. 


Same  as  for  a  5-foot 
raise. 


Same  aa  for  a  5- 
foot  raise. 


Sane  as  for  a  5- 
foot  raise. 


Areas  of  critical  national  Importance 


Gama  management, 

refuges.  National 
Grasslands,  etc. 


Cultural  resources 


The  flood  pool  would  af-  The  Impacts  Increase  with  pool  levels  because  of  longer  durations  of  inundation  and  larger 
feet  State  game  management  acreages  affected, 
areas  and  State  game  re¬ 
fuge  adjacent  to  Lake 
Aahtabula.  Lena  desira¬ 
ble  weedy  species  of 
vegetation  would  prob¬ 
ably  Invade  the  flood 
pool . 


20  known  el  tea  are  loca¬ 
ted  at  or  below  elevation 
1271. 


21  known  sites  sre  loca¬ 
ted  at  or  below  elevation 
1276. 


34  known  sites  sre  loca¬ 
ted  at  or  below  elevation 
1281. 


15  known  sites  are 
located  at  or  below 
elevation  1286. 


41  known  sites  are 
located  at  or  belt* 
elevation  1291. 


It  should  not  be  assumed  that  these  raises  In  pool  elevation  would  onlv  affect  th-  number  of  sites  listed  above.  F.rosion 
from  waves  and  fluctuation  in  pool  level  may  affect  sites  above  the  maximum  raise.  Ihr  example,  a  20-foot  raise  would 
affect  35  known  sites,  but  erosion  could  also  affect  another  8  sites  between  elevation  1286  and  1291.  Expanding  rec¬ 
reation  areas  around  existing  Lake  Ashtabula  and  In  upstream  reaches  may  also  sffeot  cultural  resources.  Road  and 
utility  relocations  may  also  affect  cultural  resources. 
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Raising  Lake  Ashtabula  would  affect  various  amounts  of  important 
wildlife  habitat.  Woodlands  along  the  river  are  probably  the  most  valu¬ 
able  wildlife  habitat  in  the  basin  and  are  used  extensively  by  deer 
and  other  forms  of  wildlife.  White-tailed  deer  use  the  woodlands  ad¬ 
jacent  to  the  river  extensively  for  winter  cover  and  as  a  food  source. 

Upland  species  of  birds  and  mammals  provide  many  recreational  opportunities 
in  the  area.  A  10-foot  raise  would  affect,  through  temporary  inundation, 
about  22  percent  of  the  woodland  in  the  immediate  area  and  about  12  per¬ 
cent  of  the  woodland  vegetation  of  the  entire  county.  This  amount  is 
significant  considering  that  less  than  1  percent  of  the  county  is  actually 
in  the  flood  pool. 

Grassland  habitat  is  of  moderate  value  mostly  because  of  heavy  graz¬ 
ing  pressure.  The  grassland  is  used  somewhat  by  birds  and  rodents  which 
in  turn  are  prey  species  for  other  forms  of  wildlife.  Even  though  the 
grassland  is  of  relatively  poor  quality,  it  is  important  because  of  its 
interspersion  with  other  habitat  types.  The  value  of  the  grassland  could 
almost  be  doubled  by  the  elimination  of  grazing.  Presently,  most  of  these 
areas  are  grazed  shorter  than  a  mowed  lawn. 

The  cropland  areas  have  low  wildlife  value  because  during  part  of  the 
year  they  consist  of  plowed  fields  and  have  very  little  ground  cover.  The 
cropland  has  some  food  value  and  provides  some  interspersion  habitat  for 
birds  and  small  rodents.  Cropland  is  abundant  outside  the  project  area; 
therefore,  the  fish  and  wildlife  Impacts  associated  with  cropland  loss 
would  not  be  significant. 

Wetlands  in  the  project  area  consist  mostly  of  oxbows  and  marshes 
adjacent  to  the  river  and  Lake  Ashtabula.  In  some  cases,  grasslands  adjacent 
to  the  wetlands  are  heavily  grazed,  reducing  their  quality.  The  oxbows 
in  the  area  provide  good  to  excellent  habitat  for  aquatic  furbearers  and 
bird  species. 
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In  most  cases,  a  moderate  impact  would  result  if  less  than  20  percent 
of  a  particular  habitat  type  were  affected.  Mitigation  would  be  required 
to  compensate  for  the  loss  of  wildlife  production.  Locating  these  mitiga¬ 
tion  lands  upstream  or  downstream  or  adjacent  to  other  public  lands  would 
be  desirable  because  of  ease  of  management  and  protection  of  large  blocks 
of  habitat. 

Enhancement  opportunities  exist  in  the  area  for  the  preservation  or 
restoration  of  woodland,  wetland,  and  grassland  habitat.  These  areas  would 
be  selected  for  their  value  as  wildlife  habitat.  The  cost  of  this  enhance¬ 
ment  would  have  to  be  shared  by  the  local  sponsor. 

No  long-term  impacts  on  fish  would  be  expected  from  increasing  the 
size  of  the  flood  pool.  Short-term  impact,  such  as  death  of  some  inver¬ 
tebrate  populations,  would  occur.  Temporary  increases  in  turbidity  and 
some  sedimentation  could  occur  in  the  flood  pool  and  affect  aquatic 
organisms.  Loss  of  shore  vegetation  could  affect  fish  spawning. 

North  Dakota  has  no  federally  listed  threatened  or  endangered  species 
of  plants.  However,  the  State  list  of  rare  plant  species  includes  a  sedge 
and  pondweed  found  adjacent  to  Lake  Ashtabula.  The  effect  on  these  species 
is  not  known. 

Raising  Baldhill  Dam  would  result  in  some  temporary  inundation  of 
riverine  environment.  The  preservation  of  the  riverine  environment  was 
identified  as  a  planning  objective.  Because  of  the  long  duration  of 
flooding,  especiallly  for  the  larger  raises  much  of  the  vegetation  in 
the  flood  pool  could  be  killed.  The  resulting  regrowth  would  consist  of 
less  desirable  weedy  species  such  as  velvet  leaf,  pigweed,  dock,  smart - 
weed,  thistle,  and  ragweed.  The  species  composition  and  future  succession 
in  these  areas  would  depend  on  the  subsequent  flooding  pattern.  Succes- 
sional  processes  would  be  interrupted  periodically  and  set  back  by  each 
flood.  The  flood  pool  would  also  Inundate  some  State  game  management 
areas  and  refuges.  As  described  above,  in  many  areas,  less  desirable 
wildlife  habitat  would  be  created  by  the  invasion  of  weedy  species. 
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Larger,  Infrequent  floods  would  Inundate  an  additional  900  to  1,500 
acres  of  land  beyond  that  inundated  by  the  design  flood  pool.  The  wild¬ 
life  and  aesthetic  impacts  on  this  land  would  depend  on  the  frequency  of 
inundation.  Impacts  of  higher  pool  levels  would  be  similar  except  that 
the  extent  and  magnitude  of  the  impacts  would  increase.  Because  the  higher 
pool  levels  would  affect  a  larger  proportion  of  the  habitat,  they  would  be 
less  desirable  environmentally. 

The  higher  pool  levels  would  have  significant  adverse  impacts  on  the 
riverine  environment  because  of  the  longer  reach  of  river  affected,  higher 
elevation,  and  longer  duration  of  flooding.  The  magnitude  of  the  impacts 
on  vegetation  would  increase  drastically  with  increased  pool  levels. 

Higher  pool  levels  could  increase  erosion  and  sedimentation.  Depend¬ 
ing  on  the  amount,  fish,  wildlife,  vegetation  and  aesthetics  could  be 
adversely  affected.  Weedy  species  would  probably  invade  the  silted  and 
frequently  flooded  areas,  creating  less  valuable  habitat. 

The  aesthetic  impacts  (some  of  them  long-term)  of  the  reservoir  raises 
would  be  associated  with  the  vegetation,  wildlife,  and  topographic  features 
of  the  area.  The  higher  pool  levels,  coupled  with  a  long  drawdown  period, 
would  destroy  existing  riparian  vegetation  along  the  upper  portion  of  the 
river.  The  loss  of  vegetation  would  in  turn  affect  wildlife  populations. 
The  distinctive  valley  and  coulee  landscape  would  be  inundated  for  periods 
up  to  120  days.  A  temporary  rise  in  the  flood  pool  and  the  resulting  in¬ 
undation  of  the  surrounding  land  could  create  new  opportunities  for  viewing 
wildlife. 

The  Valley  City  National  Fish  Hatchery  (NFH)  is  located  along  the 
Sheyenne  River  approximately  3  miles  north  of  Valley  City.  Its  satellite 
facility,  the  Baldhill  Dam  NFH,  is  immediately  below  Baldhill  Den.  The 
facilities  of  the  satellite  hatchery  would  be  adversely  affected.  Approxi¬ 
mately  half  of  the  hatchery's  production  of  walleyes,  northern  pike,  and 
muskellunge  comes  from  this  facility.  The  fish  rearing  ponds  and  other 
facilities  affected  would  be  replaced. 


L-166 


The  Baldhill  Dam  Game  Management  Area  (GMA)  is  adjacent  to  Lake 
Ashtabula  in  Barnes,  Griggs,  and  Steele  Counties.  It  encompasses 
1,419  acres.  Although  this  GMA  is  managed  primarily  for  white- tailed 
deer,  other  upland  species,  including  Hungarian  partridge,  cottontail 
rabbits,  fox,  and  waterfowl,  also  benefit.  Adding  flood  storage  would 
affect  a  portion  of  this  GMA. 

The  State  also  operates  waterfowl  rest  areas  on  Lake  Ashtabula  dur¬ 
ing  the  fall.  Three  of  these  areas  are  in  Barnes  and  Griggs  Counties. 
They  would  probably  not  be  seriously  affected  by  a  flood  pool  raise. 
Water  levels  in  the  flood  pool  would  be  drawn  down  by  fall;  thus,  there 
would  be  no  change  from  the  present  management  scheme. 

At  the  normal  pool  elevation  of  1266  feet  msl,  three  negative  aes¬ 
thetic  impacts  must  be  considered:  (1)  the  height  of  the  dam,  (2)  the 
change  in  vegetation  after  floods,  and  (3)  the  increased  gap  between  the 
water's  edge  and  shore  facilities.  These  three  aesthetic  impacts  would 
become  greater  as  the  raises  increased  in  height.  There  is  evidence  that 
the  increased  height  of  the  dam  would  be  considered  a  negative  aesthetic 
impact  in  the  view  of  residents  and  users  of  Lake  Ashtabula.  The  change 
in  vegetation  after  a  flood  would  be  evident  as  the  flood  pool  receded 
and  the  shoreline  was  left  with  dead  vegetation  and  mud.  Until  new 
plant  communities  became  established  (which  would  depend  on  the  length 
of  time  the  vegetation  was  covered  and  the  variety  of  new  vegetation), 
the  shoreline  would  not  be  visually  pleasing.  Because  the  local  people 
have  expressed  an  interest  in  having  more  trees  around  the  lake,  large 
pool  fluctuations  would  undoubtedly  be  considered  a  negative  effect. 
Depending  on  the  extent  of  the  raise  and  the  slope  of  the  bank,  some 
access  points  might  have  a  considerably  wider  shore.  This  effect  would 
be  unattractive  as  well  as  inconvenient  and  costly  (in  terms  of  providing 
larger  docks,  etc.).  Effects  similar  to  these  impacts  on  Lake  Ashtabula 
would  eb  experienced,  although  to  a  lesser  degree,  in  downstream  rural 
and  urban  reaches. 
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Around  Lake  Ashtabula,  the  physical  base  of  the  present  group  of 
cabins  would  be  affected.  Under  certain  circumstances,  these  groups 
might  be  reestablished  farther  from  the  shore  in  the  same  areas.  How¬ 
ever,  considering  the  water  quality  and  negative  aesthetic  impacts,  it 
is  unlikely  that  these  recreationally-oriented  communities  would  show 
any  growth  attributable  to  this  raise. 

Below  Baldhill  Dam,  development  could  occur  in  several  communities 
protected  from  flooding  by  the  raise.  Such  growth  would  depend  on  over¬ 
all  economic  conditions  and  perceptions  of  decreased  flood  risk  as  well 
as  the  actual  decrease  in  risk. 

If  such  growth  is  predicted,  it  must  be  determined  whether  the 
growth  would  occur  in  the  floodplain  areas  of  these  protected  communities; 
induced  development  in  the  floodplain  might  be  contrary  to  the  intent  of 
Executive  Order  11988. 

Baldhill  Dam  provides  several  benefits,  including  flood  control, 
water  supply,  and  recreation.  The  present  value  of  the  flood  control 
benefit  for  the  present  condition  Baldhill  Dam  is  estimated  at  $105 
million  (or  $3.28  million  on  an  average  annual  basis).  Recreation  bene¬ 
fits  have  been  estimated  in  a  similar  manner  to  be  $5.4  million  (or 
$167,400  on  an  average  annual  basis).  Water  supply  and  low- flow  benefits 
also  are  accrued,  such  that  the  total  average  annual  benefits  for  existing 
conditions  are  more  than  $5  million.  These  benfits  accrue  to  popula¬ 
tions  below  the  dam;  recreation  and  recreationally-based  economic  bene¬ 
fits  are  also  available  to  those  living  around  Lake  Ashtabula.  During 
the  many  years  the  dam  has  been  in  existence,  any  social  costs  associated 
with  its  operation  have  been  fully  amortized;  that  is,  any  inequities 
have  probably  become  perceived  as  part  of  an  implicit  "social  contract". 
Any  change  in  the  distribution  of  costs  and  benefits  resulting  from  a 
change  in  the  height  or  operation  of  the  dam  could  be  perceived  as  a 
change  in  the  terms  of  this  "social  contract"  and  could  be  a  source  of 
controversy.  The  proposed  raise  would  benefit  downstream  users  by  in¬ 
creasing  their  level  of  flood  protection  while  assuring  them  of  the  same 
level  of  water  supply.  However,  their  recreation  benefits  would  suffer 
(from  water  quality  and  aesthetic  impairment) ,  as  would  those  of  people 
living  on  the  lake.  Most  of  the  social  costs  would  fall,  however,  solely 
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on  those  living  above  the  dam:  the  disruption  caused  by  acquiring  homes 
and  farms,  the  construction  activities  associated  with  the  raises  of 
the  dam,  and  the  long-term  impact  of somewhat  less  than  attractive 
surroundings. 

With  the  lake  at  its  normal  elevation,  access  to  the  water  would 
be  over  a  greater  distance,  because  all  permanent  structures  and  facili¬ 
ties  would  have  to  be  located  above  the  maximum  flood  pool  elevation. 

After  a  flood  requiring  a  lengthy  drawdown  period,  this  expanse  could 
be  covered  by  mud  or  new  weedy  growth.  Because  the  lake  has  already 
been  criticized  for  problems  involving  its  declining  water  quality,  it 
is  possible  that  lake-related  recreation  might  suffer  even  further  under 
these  conditions. 

Noise  and  other  construction- related  impacts  would  occur  at  the  dam- 
site,  on  roads  used  for  construction  routes,  and  along  the  lake's  shore¬ 
line  as  cabins  are  acquired.  The  extent  of  these  disruptions  would  depend 
directly  on  the  height  of  the  raise. 

Existing  bridges  at  Ashtabula  Crossing,  Keyes  Crossing,  and  Wesley 
Acres  (County  Road  9)  would  have  to  be  elevated  or  redesigned  to  allow 
continued  use  during  floods  for  the  larger  raises  considered.  These 
changes  would  affect  the  aesthetic  character  of  the  lake  when  the  pool  is 
at  its  normal  elevation.  The  Great  Northern  Railroad  crossing  may  also 
need  to  be  improved  for  the  larger  raises.  Local  governments  have  been 
financially  strained  by  the  maintenance  of  gravel  roads  in  the  existing 
recreation  areas.  Lengthy,  sporadic  inundation  of  these  roads  would 
make  more  maintenance  necessary  and  more  expensive  if  access  to  the 
fluctuating  shoreline  were  to  be  continued. 

All  of  the  raises  would  involve  the  acquisition  of  properties.  The 
5-foot  raise  would  require  the  acquisition  of  6  farmsteads  and  residences. 
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97  cabins,  2  church  camps,  and  2  other  properties.  The  25-foot  raise 
would  affect  21  farmsteads  and  residences,  190  cabins,  and  7  other 
properties.  The  two  church  camps  are  Wesley  Acres  Camp  on  Baldhill 
Creek  and  Cooperstown  Bible  Camp  on  the  Sheyenne  River  just  upstream  of 
Lake  Ashtabula.  Both  camps  are  at  least  partially  affectd  by  the  5-foot 
raise;  however,  better  topographic  information  in  the  camp  area  is 
needed  to  determine  just  how  much  and  which  parts  of  the  camps  would  have 
to  be  acquired  in  either  fee  title  or  in  easement.  Raises  of  10  feet  or 
more  would  require  the  full  acquisition  of  both  camps. 

Public  Law  91-646,  the  Uniform  Relocation  Assistance  and  Real 
Property  Acquisition  Policies  Act  of  1970,  was  enacted  to  provide  for 
the  uniform  and  equitable  treatment  of  persons  displaced  from  there  homes, 
businesses,  or  farms  by  Federal  and  federally  assisted  programs.  Reloca¬ 
tion  of  permanent  residents  generally  requires  that  comparable  decent, 
safe,  and  sanitary  dwellings  be  available.  Determination  of  availability 
has  not  yet  been  made.  Seasonal  residents,  businesses,  and  farms  may 
be  eligible  for  advisory  services  and  payment  for  actual  reasonable 
moving  expenses. 

A  probably  response  of  relocated  owners  would  be  to  sell  their  present 
property  and  structures  and  attempt  to  purchase  land  farther  back  from 
the  shore.  If  they  are  able  to  buy  this  land,  or  if  their  present  land 
extends  far  enough  beyond  the  "take"  elevation,  they  can  easily  purchase 
their  previous  structures  for  salvage  value  and  have  them  placed  on  the 
more  distant  property.  If  they  were  able  to  do  this,  they  would  probably 
not  suffer  economic  damages,  and  social  values  such  as  community  cohesion 
would  be  maintained  (for  example,  a  given  group  of  neighbors  will  continue 
to  live  in  the  same  pattern  and  proximity).  However,  they  would  be  living 
farther  from  the  water's  edge  for  most  of  the  year,  which  could  lower  their 
property  values.  If  they  were  unable  to  move  directly  back  from  the  shore, 
they  could  move  to  another  area  of  the  lake  or  away  from  the  lake  entirely. 
In  either  case,  comnunlty  cohesion  would  be  temporarily  damaged,  and  rec¬ 
reational  values  would  be  lost  for  those  moving  away  from  the  lake. 
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One  of  the  inevitable  results  of  any  raise  of  Lake  Ashtabula  would 
be  a  dislocation  or  reduction  in  the  amount  of  farmland.  These  changes 
could  be  a  direct  result  of  farmland  being  purchased  because  of  the 
higher  flood  elevation  or  for  wildlife  mitigation,  or  they  could  be  an 
indirect  result  of  the  land  being  voluntarily  sold  to  relocating  residents, 
businesses,  and  recreation-providing  organizations.  These  effects  would 
also  be  experienced  over  a  larger  reach  of  the  Sheyenne  River  and  Baldhill 
Creek  because  the  higher  elevation  would  extent  along  their  paths  into 
farmland  presently  unaffected. 

All  of  the  raises  would  benefit  790  farmsteads  and  residences,  70 
businesses,  and  2  public  facilities.  These  properties  are  in  Valley  City 
and  Lisbon.  However,  additional  properties  would  benefit  in  the  rural 
reaches  from  Baldhill  Dam  to  Kindred.  Properties  along  the  Sheyenne  River 
downstream  of  Kindred  would  receive  additional  benefits  for  the  second 
peak. 

On  the  basis  of  an  estimate  of  three  persons  per  residence  and  the 
number  of  residences  that  would  need  to  be  relocated  for  each  raise,  15 
to  63  persons  would  be  relocated  for  the  5-  to  25-foot  raises.  However, 
this  alternative  would  bertefit  2,350  persons  along  the  Sheyenne  River  from 
Baldhill  Dam  to  Kindred. 

Approximately  2,700  acres  of  land  would  be  acquired  either  in  fee 
title  or  through  flowage  easements  for  implementation  of  the  5-foot 
raise.  Included  in  the  2,700  acres  are  about  670  acres  over  which 
flowage  easements  are  presently  owned.  Greater  acreages  would  be 
All  of  these  lands  required  for  construction  include  fish  and  wildlife 
mitigation  lands  and  are  lands  beyond  those  already  in  Government  owner¬ 
ship.  The  lands  along  the  Sheyenne  River  from  Baldhill  Dam  to  Kindred 
that  would  benefit  from  reduction  of  the  second  peak  are  23,250  acres  of 
cropland  and  100  acres  of  urban  land. 
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APPENDIX  M 
PLAN  FORMULATION 


INTRODUCTION 

Plan  formulation  consists  of  several  major  steps:  problem  identi¬ 
fication,  development  and  evaluation  of  alternatives,  and  plan  selection 
and  recommendations.  The  Kindred  Lake  project  was  authorized  on  the  basis 
of  studies  done  in  the  1960’s,  and  the  Federal  criteria  for  evaluating 
water  resource  projects  have  changed  significantly  since  then.  Therefore, 
a  major  reevaluation  of  the  project  was  needed.  The  planning  process  was 
designed  to  objectively  reevaluate  problems  and  needs  in  the  basin  and  assess 
the  relative  merits  of  the  many  alternatives  using  previously  gathered  infor¬ 
mation  as  much  as  possible.  The  validity,  applicability  and  credibility 
of  this  information  had  to  be  considered  as  the  information  was  used.  This 
appendix  describes  the  pertinent  steps  in  the  plan  formulation  process  for 
this  study. 


AUTHORIZED  PROJECT 

The  plan  authorized  by  the  Flood  Control  Act  of  1970  consists  of  a 
multiple-purpose  reservoir  for  flood  control,  water  quality  control,  recre¬ 
ation,  and  fish  and  wildlife  on  the  Sheyenne  River  near  Kindred;  a  revised 
operating  plan  for  Baldhill  Dam;  and  appropriate  floodplain  management 
measures  at  Lisbon,  Valley  City,  and  West  Fargo.  The  Kindred  Dam  would  be 
at  river  mile  76.2  on  the  Sheyenne  River,  approximately  5  valley  miles  above 
Kindred.  It  would  control  runoff  from  about  98  percent  of  the  effective 
drainage  area  above  West  Fargo  and  about  62  percent  of  the  total  effective 
drainage  area.  The  reservoir  would  store  412,000  acre-feet  at  the  design 
pool  (elevation  1017.0).  Of  this  amount,  22,000  acre-feet  would  be  reserved 
for  sedimentation  over  the  first  100  years  of  project  life;  60,000  acre-feet 
would  be  provided  as  multiple-use  storage  for  water  quality  control,  recre¬ 
ation,  and  fish  and  wildlife;  and  330,000  acre-feet  would  be  reserved  exclu¬ 
sively  for  flood  control.  The  11,000  acre-feet  of  water  quality  storage 
would  also  provide  for  water  supply  to  permit  an  additional  winter  drawdown 
of  Lake  Ashtabula  for  increased  flood  control.  The  water  supply  capability 
of  Lake  Ashtabula  would  not  be  reduced  through  modification  of  the  operating 
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plan  until  Kindred  Lake  was  constructed  and  capable  of  fully  compensating 
for  the  reduced  flow  supplements  from  Lake  Ashtabula.  The  normal  water 
quality  pool  level  of  Kindred  Lake,  elevation  984.5,  would  provide  about 
5,500  acres  of  water  surface  for  recreation.  A  surcharge  storage  for  the 
spillway  design  flood  would  amount  to  74,000  acre-feet  which  would  be 
contained  in  the  4^  feet  above  elevation  1017.0.  The  dam,  spillway,  outlet 
works,  relocations,  and  other  features  are  described  in  the  following 
paragraphs;  pertinent  data  are  presented  in  table  M-l.  Features  of  the 
authorized  project  are  shown  on  plate  M-l. 


Table  M-l  -  Summary  of  pertinent  data,  authorized  Kindred  Lake  project^ 


Item 

Amount 

Storage  capacity  (acre-feet) 

Flood  control 

330,000 

Multiple  use 

60,000 

Water  quality 

(60,000) 

Recreation  and  fish  and  wildlife 

(60,000) 

(2) 

Water  supply 

(11,000) 

(3) 

Sedimentation 

22,000 

Total 

412,000 

Dam 

Type 

Earth  fill 

Maximum  height 

95  feet 

Length 

3,400  feet 

(Includes  gated  concrete  spillway  and  multiple- level 

low- flow 

outlet  structure.) 


Elevations  (feet  above  mean  sea  level) 


Top  of  dam 

1026.5 

Spillway  design  pool 

1021.5 

Flood  control  pool 

1017.0 

Multiple-use  storage  pool 

984.5 

Lowest  level  outlet 

958.0 

Impacts 

Relocations 

4-H  camp 

1 

Cemeteries 

2 

Churches 

3 

Acquisitions 

Farmsteads 

52 

Land 

20,000  acres 

(1)  As  presented  in  the  authorizing  document. 

(2)  Water  quality  pool  provides  5,500  acres  for  general  recreation  and 
a  warmwater  fishery. 

(3)  Water  quality  pool  provides  11,000  acre-feet  for  water  supply 
transferred  from  Lake  Ashtabula  to  permit  increased  upstream  flood  control. 
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The  dam  would  be  a  rolled  earth-fill  structure,  95.5  feet  high  with  a 
crest  length  of  3,400  feet  and  a  top  elevation  of  1026.5  feet  msl  (above 
mean  sea  level) .  The  embankment  would  consist  of  an  impervious  core  supported 
by  a  shell  of  random  fill  with  1  on  3  slopes  both  upstream  and  downstream. 

The  spillway  would  consist  of  a  concrete  ogee  crest  and  chute  equipped 
with  two  48-  by  29-foot  tainter  gates  at  the  spillway  crest  for  passage  of 
floods  exceeding  the  reservoir  design  flood.  The  outlet  works  would  consist 
of  two  6-foot-wide  by  10-foot-high,  low-level  flood  control  outlet  conduits 
incorporated  into  the  spillway  gate  piers  and  a  multiple-level  outlet 
structure  for  water  quality  control  combined  with  the  spillway  piers. 

Reservoir  development  would  involve  relocation  of  Barrie  Cemetery  (85 
graves),  Owego  Cemetery  (85  graves).  State  Highway  18,  and  electric  and 
telephone  lines;  removal  of  eight  bridges;  and  tying  down  of  two  bridges. 

The  reservoir  would  offer  a  variety  of  activities  including  boating, 
water-skiing,  fishing,  swimming,  camping,  picnicking,  and  sightseeing. 

About  2,500  acres  of  land  would  be  set  aside  exclusively  for  general 
recreation  and  fishing  at  five  public  use  sites — one  overlook,  one  down¬ 
stream  bank  fishing  area,  and  three  large  recreation  areas  along  the  margin 
of  the  reservoir.  The  proposed  mitigation  features  include  9,500  acres  of 
land  for  wildlife  management  to  offset  the  loss  of  existing  wildlife  habitat 
within  the  permanent  pool  and  replacement  of  the  Mirror  Pools  fish-rearing 
pond  complex. 

The  capacity  of  the  reservoir  was  based  on  the  maximum  the  topography 
would  allow  within  practical  limits.  All  storage  was  allocated  to  flood 
control  except  for  the  minimum  required  for  sediment  accumulation  and  water 
quality  storage.  Of  the  top  9.5  feet  of  storage,  4.5  feet  would  be  for 
surcharge  storage  of  the  spillway  design  flood  and  5.0  feet  would  be  for 
freeboard  above  the  spillway  design  flood  water  surface  elevation.  When 
the  pool  reached  elevation  1021.5,  the  spillway  gates  would  be  opened 
completely.  When  the  reservoir  was  at  water  quality  pool  elevation  984.5 
at  the  beginning  ofi  a  flood,  outflow  would  be  regulated  at  about  700  cfs 
(cubic  feet  per  second)  or  less  to  minimize  downstream  flooding,  particularly 
at  West  Fargo  and  on  the  Red  River .  With  a  release  rate  averaging  about 
700  cfs  for  24  days  and  then  increasing  to  about  2,000  cfs,  the  reservoir 


would  store  up  to  about  a  200-year  frequency  flood  on  the  basis  of  the  inflow 
hydrograph  developed  from  the  volume- frequency  curves  and  adjusted  for 
modified  operation  of  Baldhill  Dam.  When  the  reservoir  design  pool  eleva¬ 
tion  of  1017.0  was  reached,  outflow  would  be  increased  to  2,000  cfs  or  an 
outflow  based  on  the  induced  surcharge  envelope  curve  adopted  for  Kindred 
Lake,  whichever  is  greater.  After  peak  inflow,  outflow  would  equal  inflow. 
Flood  storage  would  be  evacuated  from  the  reservoir  at  about  2,000  cfs  or 
less  so  as  not  to  cause  flooding  downstream  or  add  to  peak  flows  on  the 
Red  River.  Basically,  the  operation  of  the  reservoir  for  water  quality 
control  would  involve  mixing  and  flushing  of  irrigation  return  flows  with 
better  quality  spring  runoff  and  the  resultant  dilution  of  return  flows 
in  the  82, 000-acre- foot  conservation  pool. 

The  plan  would  provide  only  limited  flood  damage  reduction  at  Valley 
City  and  Lisbon.  Thus,  a  serious  threat  from  large  floods  would  remain 
at  these  communities.  Accordingly,  sound  floodplain  management  measures, 
including  zoning  to  prevent  unwise  future  development  of  the  100-year  flood- 
plain,  are  required  to  reduce  future  damages  and  serve  as  an  integral 
element  of  the  proposed  plan.  High  stages  on  the  Red  and  Maple  Rivers 
could  produce  significant  residual  damages  at  West  Fargo  even  with  full 
control  of  Sheyenne  River  flows  unless  future  construction  is  regulated  in 
the  low  area  north  of  U.S.  Highway  10. 

Kindred  Lake  would  reduce  flood  stages  and  was  projected  to  alleviate 
anticipated  water  quality  problems  on  the  Red  River.  Thus,  it  was  considered 
an  integral  element  of  a  basinwide  water  resource  development  and  manage¬ 
ment  plan  for  the  Red  River. 

PROBLEM  IDENTIFICATION 


GENERAL 


The  problem  identification  process  addressed  public  and  agency  concerns 
and  analyzed  the  water  resource  purposes  considered  for  the  basin.  The  water 
resource  problems  and  needs  presented  here  include  flooding,  water  supply, 
water  quality,  recreation,  fish  and  wildlife,  hydropower,  and  cultural  resources. 


PUBLIC  CONCERNS 


Public  concerns  were  expressed  through  interviews  with  agency,  community, 
and  organization  representatives  as  well  as  public  workshops,  citizens 
committee  meetings,  and  individual  citizen  input.  Public  concerns  were 
also  established  through  review  of  past  reports. 

In  October  1968,  the  St.  Paul  District  completed  a  feasibility  study 
for  the  Sheyenne  River.  The  report  brought  out  that  frequently  recurring 
floods,  particularly  along  the  lower  70-mile  reach  from  Kindred  to  the 
mouth,  seriously  damage  existing  urban  developments,  agricultural  areas, 
and  transportation  facilities.  In  addition,  Sheyenne  River  high  flows 
aggravate  the  very  damaging  floods  on  the  Red  River.  The  report  also 
concluded  that,  unless  measures  were  undertaken,  the  expected  continued 
development  of  the  floodplain  areas  at  Valley  City,  Lisbon,  and  the  rapidly 
growing  city  of  West  Fargo  would  lead  to  worse  flood  damages.  The  report 
indicated  a  significant  need  for  water  quality  improvement  in  the  Red  River 
basin  to  offset  adverse  mineral  quality  deterioration  caused  by  irrigation 
return  flows  from  the  authorized  Garrison  Diversion  Unit.  It  also  indicated 
that  several  existing  water-based  recreation  areas  were  readily  accessible 
to  residents  of  the  upper  Sheyenne  River  basin.  However,  available  water- 
based  outdoor  recreation  developments  are  extremely  limited  and  inadequate 
in  the  lakeless  region  of  the  lower  Sheyenne  River  basin  and  surrounding 
areas.  Lakes  and  reservoir  developments  in  both  Minnesota  and  North  Dakota 
are  generally  too  far  away  for  frequent  visits  by  residents  of  the  lower 
Sheyenne  River  basin,  including  the  Fargo-Moorhead  area.  A  comprehensive 
outdoor  recreation  planning  report  prepared  by  the  North  Dakota  State 
Recreation  Agency  in  1966  disclosed  large  latent  present  and  future  demands 
for  additional  water-based  recreation  opportunities,  including  fishing,  in 
the  lower  basin. 

In  1966,  two  reconnaissance  investigations  were  made — one  for  Valley  City 
and  one  for  Lisbon.  The  reports  pointed  out  the  flood  problems  at  both 
communities  but  could  not  show  economic  justification  for  any  Federal 
assistance. 
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In  1947,  the  Corps  completed  a  survey  report  on  the  Red  River  basin 
for  flood  control  and  other  purposes.  This  report  recommended  construction 
of  channel  improvements  on  the  lower  Sheyenne,  Maple,  and  Rush  Rivers  to 
address  the  flooding  problems  in  this  confluence  area.  However,  because  of 
opposition  from  local  interests,  the  recommended  channel  enlargements  on 
the  Maple  and  Sheyenne  Rivers  have  not  been  constructed. 

In  1942,  a  survey  report  was  completed  that  addressed  both  flood  control 
and  water  supply  along  the  Sheyenne  River.  This  report  resulted  In  the  construe 
tion  of  the  dual-purpose  Baldhill  Dam  as  a  solution. 

The  current  studies  have  been  coordinated  extensively  with  the  public 
and  other  agencies.  (A  list  of  these  Federal,  State,  and  international 
agencies  can  be  found  in  table  A-4  of  Appendix  A.)  A  key  concern  of  the 
majority  of  the  agencies  was  that  the  solutions  to  flooding  problems  consider 
all  possible  alternatives  and,  in  particular,  that  the  Corps'  Phase  I  GDM 
(General  Design  Memorandum)  studies  objectively  analyze  all  alternatives 
before  recommending  implementation  of  any  one  alternative.  Further,  some 
concern  was  expressed  about  the  potential  effects  of  a  permanent  pool  at 
the  proposed  Kindred  Dam  site  on  groundwater  levels  in  adjacent  areas. 

Problem  identification  was  also  assisted  by  public  concerns  expressed 
through  the  Lower  Sheyenne  River  Citizens  Committee.  The  committee  was 
made  up  of  representatives  of  area  groups,  organizations,  and  communities 
and  has  been  instrumental  in  expressing  the  concerns  of  area  residents. 

Meetings  were  held  almost  monthly  over  most  of  the  study  period  and  at 
different  locations  throughout  the  study  area.  At  the  meetings,  great 
concern  was  expressed  about  the  more  frequent  flooding  between  Baldhill 
Dam  and  the  mouth.  Concern  was  also  expressed  that  people  who  are  not 
being  flooded  should  not  have  to  bear  the  adverse  impacts  of  solving  the 
flood  problems,  especially  through  the  loss  of  land. 

In  addition  to  these  meetings,  which  were  open  to  the  public  and  at 
which  public  participation  was  encouraged,  individual  citizens  were  invited 
to  express  their  concerns  at  public  workshops.  On  27  June  1977,  a  public 
workshop  held  to  discuss  the  water-related  problems  and  needs  of  the  basin 
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and  identify  alternatives  to  address  these  problems  and  needs  was  attended 
by  more  than  150  people.  They  divided  into  small  groups  and  identified 
problems  and  possible  solutions  in  three  categories:  (1)  flooding; 

(2)  recreation,  wildlife,  and  historical;  and  (3)  water  quality,  quantity, 
and  other.  Those  attending  the  workshop  also  ranked  each  problem  by  priority — 
high,  medium,  or  low.  The  results  of  this  workshop  are  summarized  in  table  M-2. 

FLOOD  PROBLEMS 

The  1882  flood  is  the  earliest  flood  for  which  any  record  or  definite 
information  exists.  At  Valley  City,  the  principal  damage  center  of  the 
basin  at  that  time,  high-water  data  considered  reliable  indicated  that  a 
large  portion  of  the  residential  section  and  all  of  the  business  section 
were  inundated.  At  Lisbon,  the  area  subject  to  flooding  was  confined  to  a 
narrow  strip  along  the  riverbank  and  damage  was  negligible.  Above  Kindred, 
a  low  section  of  the  left  bank  was  overtopped,  causing  a  considerable  portion 
of  the  town  to  be  inundated  to  a  depth  of  about  6  inches.  Downstream 
of  Kindred,  over  100,000  acres  were  inundated  by  floodwaters  from  the 
Sheyenne,  Red,  Wild  Rice,  and  Maple  Rivers. 

The  1965  flood  caused  only  minor  damage  at  Valley  City  and  Lisbon. 

However,  backwater  from  ice  caused  a  record  stage  at  Kindred.  Back¬ 
water  from  the  Maple  River  caused  near  record  stages  at  West  Fargo. 

The  1966  flood  could  have  caused  extensive  damage  at  Valley  City; 
however,  quickly  constructed  sandbag  levees  prevented  damage  to  most 
residential  and  commercial  developments.  At  Lisbon,  over  100  basements 
were  flooded  by  sewer  backup,  while  high  flows  damaged  a  sewer  lift  station 
and  the  city  dam.  Because  of  the  early  flood  forecasts  and  emergency  levees 
constructed  at  the  damage  centers  during  the  1965  flood,  much  damage  was 
prevented.  At'./West  Fargo,  additional  sandbagging  and  sewer  pumping  minimized 
flood  damages  that  could  have  been  caused  by  backwater  from  the  Maple  River. 
Overflows  from  the  Sheyenne,  Maple,  and  Rush  Rivers  combined  and  flooded 
more  than  40,000  acres  of  these  confluence  lands. 
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Table  M-2  -  Results  of  the  27  June  1977  citizens  input  workshop  - 
_ identified  problems  and  needs 


IDENTIFIED  PROBLEMS  AND  NEEDS: 
FLOODING 


Problem  or  N«d  Priority 

1.  Flood  Plain  Development,  Residential 

Commercial  H 

2.  Uncontrolled  Stream  Oralnage  H 

1.  Water  Release  Problems  from  Ealdltlll  Dam  H 

4.  Overall  Orainafe  Problems  in  the 

Harwood  Area  H 

5.  Need  for  a  Hydrology  Study  of  Drainage 

Areas  H 

I.  Flooding  In  Red  River  Valley  S  Basin  H 

7.  Farmland  Orainafe,  How  to  Control  It  H 

I.  Overflowing  of  Cass  County  Drains 

No.  4S.  21  4  13  H 

».  West  Fargo,  Commercial  4  Residential 

Flooding  M 

10.  Agriculture  Flooding-  Kindred  to  Ned  M 

11.  Maple  River  Contribution  to  Flooding  M 

12.  Erosion,  Agricultural  M 

13.  Rush  River-  Contribution  to  flooding  M 

14.  Erosion,  Stream  Bank,  West  Fargo  M 

15.  Erosion,  Road  and  Bridge  M 

1 1.  Harwood  and  Surrounding  Area  Flood 

Problems,  Residential,  Agriculture,  Road 
and  N.R.  M 

17.  Argusvilie  Drain  No.  13  Overflowing  M 

IS.  Need  for  Hydrology  Study  of  Entire 

Sfieyenne  Basin  M 

IS.  Need  for  Hydrology  Study  of  Road  System  M 

20.  Urban  Flooding  Of  Kindred  M 

21.  Urban  Flooding  of  Horace  M 

22.  Urban  Flooding  of  Lisbon  M 

23.  Urban  Flooding  of  Valley  City  M 

24.  Urban  Flooding  of  Port  Ransom  M 

23.  Urban  Flooding  of  Argusvilie  M 

24.  Township  Flooding  of  Norman,  Cast  M 

27.  Township  Flooding  of  Freeman,  Richland  M 

24.  Development  in  Floodplain  Reducing 

Stream  Flow  Capacity  M 

29.  Overland  Flooding  in  Shayanne  Basin  M 

30.  Problem  with  High  Water  Table  in 

Richland  and  Ransom  Counties  M 

31.  Need  to  Determine  the  Effect  of  Urban- 

ixation  on  Sheyenna  Flooding  M 

32.  How  Can  Wo  hold  Water  Back  In  the  Head¬ 
waters  to  Recharge  Ground  Water  M 

33.  Protecting  Development  In  Flood  Plain  M 

34.  Culvert  Opening  too  Large  In  Roads 

and  Drains  M 

35.  High  Water  in  Sheyenna  Renders  Drainage 

System  ineffective  and  Allows  Backflows  M 

34.  Pollution  of  Wells  L 

37.  Urban  Flooding  of  Fargo  L 

34.  Urban  Flooding  of  Kathryn  L 

39.  Township  Plooding  of  Helendala  L 

40.  Flood  Damages  to  Wildlife  Habitat  L 

41.  Determine  Feasibility  of  Ineieaslng  Holding 

Capacity  of  BaidhRi  Dam  L 

42.  Social  impacts  (caused  by  flooding)  L 

43.  Recraattonal  Losses  L 


44.  Health  Problems  (Insect,  well  contamination)  L 

45.  impact  of  Futura  Economic  (property 

values,  rural,  urban)  and  Urban  Development  L 


IDENTIFIED  PROBLEMS  ANO  NEEDS:  WATER 
QUALITY,  QUANTITY  ANO  OTHER 


Problem  or  Need  Priority 

1.  Drainage  contributing  to  Degradation 

of  Water  Quality  in  Lower  Sheyenna  H 

2.  Need  to  Stabilise  Flow  H 

3l  Need  for  Improved  Sewage  Treatment 

Systems  H 

4.  Up-Stream  Polluters  Have  no  Concern  for 

Downstream  Neighbors  H 

5.  Need  to  Determine  causes  for  Poor  Water 

Quality  H 

S.  Dead  Animats  Dumped  Into  River  H 

7.  Peedlet  Runoff  Into  Shayanne  River  H 

S.  Fort  Ransom  Dumping  Sewage  into  River  H 


9.  Increased  Residential  Building  in  Rural 

Areas  adding  to  Lowering  Water  Quality  H 

10.  Need  to  Preserve  Natural  Purification 

Areas  in  the  Shayanne  Basin  H 

11.  Need  to  Coordinate  Garrison  and  Sheyenna 

River  Planning  H 

12.  High  Water  Tables  Cause  Problems  H 

13.  Need  to  Retain  Surface  Water  Supplies  H 

14.  Declining  Underground  Water  Supplies  H 

15.  Bad  Effects  on  Fish  from  Dissolved  Solids 

in  Lake  Ashtabula  H 

IS.  Inadequate  Urban  Water  Supply  M 

A.  Fargo  M 

B.  Moorhead  M 

C.  West  Fargo  M 

17.  Need  to  Improve  Water  Quality  in 

Lake  Ashtabula  M 

14.  Need  to  Raise  Water  Quality  Standards 

for  Streams  M 

19.  Poor  Water  Quality  in  Lower  Sheyenne 

River  and  Tributaries  M 

20.  Excessive  Use  of  Fertilisers  M 

21.  Problem  in  Meeting  Canada's  Quality 

Standards  M 

22.  Limit  Economic  Growth  to  Amount 

of  Available  Water  M 

23.  441  Camp  Dumping  Sewage  into  River  M 

24.  Inadequate  Rural  Water  Supplies  M 

25.  Aquifer  Contamination  from  Irrigation 

Runoff  M 

24.  Poor  Water  Quality  Adversely  Affects 

Soil  and  Livestock  m 


IDENTIFIED  PROBLEMS  AND  NEEDS: 
RECREATION,  WILDLIFE,  HISTORICAL 


Problem  or  Need  Priority 

1.  Preservation  of  Sandhill  Environment  H 

2.  Wildlife  Habitat  Preservation  H 

3.  Preservation  of  Prairie  Chicken  Habitat  H 

4.  Preservation  of  Duck  Habitat  H 

5.  Preserve  Woodland  of  Sheyenne  Basin  H 

4.  Need  to  Reduce  Conflicts  Between 

Recreation  and  Multiple  Purpose  Uses  H 

7.  Private  Landowners  are  Liable  for  Accidents 
on  Private  Land  and  are  not  Compensated 
for  Recreational  Use  H 

4.  Need  to  Determine  Value  of  Small  Springs 

coming  into  Sheyenna  H 

g.  Need  to  Determine  Economic  Value  of 

Recreation  to  Area  H 

10.  Need  to  Maintain  Unique  Arnas  h 

1 1.  Need  to  Improve  Trapping  H 

12.  Need  for  Land  Based  Recreation  in  Sandhills  M 

13.  Preserve  Scenic  Values  of  Sheyenne  Basin  M 

14.  Wildlife  Habitat  Preservation  (of  deer)  M 

15.  Need  for  Improved  Forestry  Management  M 

14.  Need  for  Preservation  at  Little  Yellowstone 

Fort  Ransom  Area  M 

17.  Study,  Identify  and  Preserve  Archeological 

and  Historical  Resources  L 

10.  Develop  Suitable  Areas  for  Off-Road 

Recreation  Vehicles  In  Sandhills  Area  M 

10.  Obstructions  in  River  Prevent  Canoeing  M 

20.  Need  to  Develop  Hiking  Trails  M 

21.  Need  ta  Determine  Value  of  Natural 

Vegetation  in  Sheyenne  Basin  M 

22.  Need  for  Better  Recreational  Planning 

in  the  Area  M 

S3.  Need  to  Improve  Hunting  M 

24.  Need  to  Improve  Pishing  M 

29.  Need  to  Develop  Water  Based  Recreetion- 

Sheyenne  Basin  L 

20.  Public  Acquisition  a  Preservation  of 

Seleetod  Lands  for  Recreational  Use  L 

27.  Better  tdentlfteatton  of  Public  Areas  with 

Signs  L 

24.  Need  for  More  esmotng  Facilities  l 

29.  Need  to  Develop  Fort  Ransom  Park  L 

20.  Piotorvo  Mirror  Pool  Area  L 

31.  Need  to  Determine  Possible  Effect  of 

North  Country  Trail  L 
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The  1969  flood  caused  a  major  threat  throughout  the  basin,  and  Baldhill 
Dam  played  a  major  role  in  reducing  the  magnitude  of  the  flood.  Because  of 
early  flood  forecasting.  Lake  Ashtabula  was  drawn  down  twice  the  normal 
amount  before  the  area  upstream  started  to  run  off.  However,  the  high 
runoff  could  not  be  contained,  and  releases  exceeding  channel  capacity 
were  required.  The  flood  downstream  of  Valley  City  had  two  flood  peaks. 

In  some  cases,  the  second  peak,  which  occurred  1  to  2  weeks  later  than  the 
first,  was  higher.  The  second  peak  was  reduced  by  operation  of  Baldhill 
Dam.  Emergency  works  at  Valley  City  and  Lisbon  in  combination  with  the  opera¬ 
tion  of  Baldhill  Dam  were  effective  in  preventing  damages  at  these  communities. 
At  Horace,  flood  levels  remained  at  or  near  peak  stage  for  nearly  4  weeks. 

The  unusual  duration  caused  seepage  into  the  sanitary  sewage  system,  and 
raw  sewage  had  to  be  pumped  into  a  county  drain.  The  first  peak  at  West 
Fargo  was  aggravated  by  backwater  from  the  Red  and  Maple  Rivers.  The 
Sheyenne  River  remained  at  or  near  crest  for  almost  4  weeks  at  West  Fargo, 
also  causing  basement  flooding  of  several  homes.  Floodwaters  in  the  vicinity 
of  West  Fargo  extended  for  5  to  7  miles  across  the  valley  as  a  result  of 
combined  overflows  from  the  Sheyenne,  Wild  Rice,  Maple,  Rush,  and  Red  Rivers. 

The  1975  flood  reached  record  levels  at  West  Fargo,  with  the  Maple 
River  again  playing  a  major  role  through  backwater  effects.  In  spite  of 
this  record  stage,  major  damages  were  prevented  by  the  emergency  works 
constructed  at  West  Fargo. 

The  1979  flood  was  similar  to  the  1969  flood  along  the  Sheyenne 
River.  Again,  Baldhill  Dam  played  a  major  role  in  reducing  the  second 
peak.  In  conjunction  with  the  emergency  works  at  Valley  City,  Lisbon 
and  West  Fargo,  the  dam  prevented  major  flood  damages.  At  Valley  City 
and  Lisbon,  emergency  clay  and  sandbag  levees  prevented  damages  to  most 
residential  and  commercial  development.  Overflows  downstream  of  Kindred 
had  been  reduced  by  the  construction  and/or  raising  of  agricultural 
levees  which  confined  flows  and  increased  stages.  At  West  Fargo,  emergency 
clay  and  sandbag  levees  prevented  damages  to  most  residential  and 
commercial  development.  However,  flood  levels  again  remained  at  or  near 
peak  stage  for  several  weeks,  causing  seepage  and  basement  flooding. 
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Backwater  from  the  Maple  and  Red  Rivers  combined  with  the  Sheyenne  River 
flows  north  of  West  Fargo  to  spread  floodwaters  for  several  miles  across 
the  valley. 

Throughout  most  of  the  basin,  emergency  flood  protection  levees  have 
been  constructed  since  at  least  1965.  These  levees  have  been  built  with 
considerable  variations  in  adequacy,  have  demonstrated  various  degrees  of 
effectiveness  in  preventing  flood  damages,  and  have  been  maintained  at 
varying  levels  of  readiness  for  future  floods.  The  potential  of  these 
existing  levees  to  provide  future  flood  protection  must  be  assessed  to 
develop  flood  damage  reduction  plans  and  to  determine  the  benefits  creditable 
to  a  plan. 

The  existing  levees  throughout  the  basin  have  generally  been  con¬ 
structed  immediately  before  a  major  flood  with  poor  quality  control  for 
the  construction.  Sandbags  have  been  used  in  many  portions  of  the  levees, 
and  compaction  of  imperious  material  in  other  parts  of  the  levees  either 
has  been  poor  or  has  not  been  accomplished  at  all. 

Sections  of  some  levees  have  been  removed  and  would  have  to  be  replaced 
for  a  future  flood.  Sections  of  some  levees  have  extremely  steep  side 
slopes  and  have  suffered  from  streambank  erosion  in  most  instances.  The 
levees  are  on  private  property,  with  no  formal  agreements  between  the 
property  owners  and  the  communities  for  access  to  and/or  maintenance  of 
the  levees. 

Table  M-2A  provides  a  general  assessment  of  the  existing  levees 
throughout  the  basin  and  summarizes  whether  any  credit  has  been  given  to 
the  levees  as  a  reliable  means  of  protection  from  future  floods. 
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Table  M-2A  -  Status  of  existing  levees  along  the  Sheyenne  River,  North  Dakota _ 

Community  '  ” 

or  reach  of 

Sheyenne  Credit  given  toward  effective- 

River _ River  mile  Status  of  existing  levees _ ngss  in  future  flood3 _ 


Valley  City  252  to  257 


Lisbon  160  to  162 

Horace  40  to  42 

West  Fargo/ 

Riverside  24  to  30 


Reach  2  215  to  271 

Reach  3  126  to  215 

Reach  4  76  to  126 


Upgraded  for  1979  flood; 
several  large  sections  of 
sandbags  only;  several  sec¬ 
tions  removed  at  bridges; 
generally  built  at  edge  of 
riverbank  with  very  steep 
slopes. 

Upgraded  for  1979  floods; 
most  sections  have  very 
steep  slopes  and  built 
right  on  the  edge  of  the 
riverbank. 

Upgraded  for  1975  flood; 
several  sections  are  built 
on  the  edge  of  the  river- 
bank  and  have  been  exper¬ 
iencing  bank  erosion. 

Upgraded  for  1979  flood; 
many  sections  have  sand¬ 
bagged  cores;  bank  sta¬ 
bility  has  been  a  contin¬ 
ual  problem  as  some 
sections  have  experienced 
sliding  problems:  most  of 
the  levee  is  built  on  the 
very  edge  of  the  river- 
bank;  several  areas  rely 
on  sandbag  or  earthern 
closures  during  a  flood. 

Some  individual  levees  at 
farmsteads  and  residences, 
including  a  partial  levee 
at  the  National  Fish 
Hatchery. 

None  known. 

None  known. 


None:  the  open  sections  and 
the  sandbag  portions  render 
the  system  incomplete. 


None:  steep  side  slopes, 
closeness  to  edge  of  river- 
bank  and  lack  of  adequate 
sectional  area  render  system 
unreliable. 

None:  the  closeness  of  the 
levee  to  the  riverbank  poses 
significant  potential  for 
failure. 


None:  the  material  in  the 
levee  is  not  reliable  (a 
major  break  occurred  during 
the  1979  flood)  and  many 
levee  sections  are  acces¬ 
sible  only  by  foot  during 
floods. 


None:  Very  few  levees  and 
little  effect  on  damages. 


None. 

None. 
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Table  M-2A  -  Status  of  existing  levees  along  the  Sheyenne  River,  North  Dakota  (continued) 
Community 
or  reach  of 

Sheyenne  Credit  given  toward  effective- 

River _ River  mile  Status  of  existing  levees _ ness  in  future  floods _ 


Reach  5A  40  to  76 


Reach  58  30  to  40 


Reach  5C  20  to  30 


Reach  5D  10  to  20 

(includes  Harwood 
and  Rivertree  Park) 


Reach  5E  0  to  10 

(includes  Brooktree  Park) 


More  or  less  continuous 
private  agricultural  levees 
of  some  sort  parallel  the 
river;  built  to  different 
levels  and  not  reliable 
during  floods.  Some  are 
overtopped  each  flood; 
however,  not  always  the 
same  ones. 

More  less  continuous  pri¬ 
vate  levees  of  some  sort 
through  the  agricultural 
areas  and  the  subdivi¬ 
sions.  Many  sections  of 
levee  in  subdivisions  are 
built  very  close  to  river- 
banks  and  have  experienced 
erosion  and  stability 
problems . 

Some  agricultural  levees 
paralleling  the  river  plus 
some  sandbagging  at  homes 
and  residences. 

Some  agricultural  levees 
plus  some  levees  at  resi¬ 
dential  areas.  Most  are 
generally  very  close  to 
riverbank  with  slope  sta¬ 
bility  a  frequent  problem. 


Some  levees  at  residential 
area;  few  agricultural 
levees 


None:  during  a  flood, 
some  sections  of  levee  in 
this  reach  are  overtopped 
and/or  fail. 


None:  the  erosion  and  bank 
stability  problems  as  well 
as  lack  of  maintenance 
creates  many  areas  of 
weakness . 


None:  sandbags  have  been 
removed;  upstream  breakouts 
have  circumvented  levees. 


None:  major  flooding 
occurs  in  agricultural 
areas  in  spite  of  the 
existing  levees.  Lack  of 
stability  renders  levees 
at  residential  areas 
unreliable. 

None:  major  flooding 
occurs  throughout  the  agri¬ 
cultural  areas.  Limited 
protection  provided  to 
residences . 
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WATER  SUPPLY 


After  the  severe  drought  of  the  1930's,  the  Committee  on  Commerce  of 
the  United  States  Senate  asked  the  Corps  of  Engineers  to  review  the  water 
resource  problems  in  the  Red  River  basin.  The  studies  found  a  water 
shortage  resulting  in  part  from  lowered  groundwater  levels.  The  search 
for  more  groundwater  led  to  tapping  of  deep  subterranean  supplies  that 
were  difficult  to  treat  or  injurious  to  health.  Municipalities  and  industries 
also  needed  a  water  supply  for  proper  treatment  and  dilution  of  sewage 
water.  The  studies  concluded  that  the  water  shortage  in  the  Sheyenne  and 
Red  River  basins  could  be  alleviated  by  construction  of  Baldhill  Dam  for 
the  dual  purposes  of  flood  control  and  low-flow  augmentation.  The  benefits 
of  the  project  were  estimated  as  flood  control  -  8  percent,  municipal 
water  supply  -  38  percent,  municipal  pollution  abatement  -  23  percent,  and 
rural  water  supply  -  31  percent.  Baldhill  Dam  was  built  with  the  require¬ 
ment  that  the  local  sponsor: 

1.  Construct,  operate,  and  maintain  the  Sheyenne  River  diversion  dam 
and  ditch  improvements  which  allow  water  from  the  Sheyenne  River  to  enter 
the  Red  River  upstream  of  the  Fargo  municipal  water  supply  intake  system. 

2.  Maintain  the  river  channel  below  Baldhill  Dam  to  ensure  the 
satisfactory  flow  of  water  released  from  storage. 

3.  Establish  and  enforce  suitable  regulations  to  prevent  pollution 
of  the  Sheyenne  River. 

On  the  basis  of  the  money  contributed  and  the  population  of  the 
communities  involved,  the  stored  water  was  allocated  in  the  following 
proportions:  52  percent  for  Fargo;  29  percent  for  Grand  Forks;  9.7  per¬ 
cent  for  Valley  City;  2.6  percent  fpr  Lisbon;  1.4  percent  for  West  Fargo; 

4.0  percent  for  American  Crystal  Sugar  Company  in  Moorhead;  and  1.3  percent 
for  Union  Stockyards,  Great  Northern  Railroad,  Northern  Pacific  Railroad, 

Soo  Line  Railroad,  and  Northern  States  Power  Company. 
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Valley  City  obtains  its  water  from  wells  drilled  into  the  water¬ 
bearing  gravel  deposits  in  the  Sheyenne  River  valley.  During  drought 
years,  the  water  in  the  wells  fell  to  a  dangerously  low  level.  A  diver¬ 
sion  pipe  was  constructed  about  1.2  miles  upstream  of  the  city  to  divert 
Sheyenne  River  flows  into  a  gravel  pit  which  was  an  outcrop  of  the  same 
formation  tapped  by  the  municipal  wells .  The  Sheyenne  River  water  is 
chlorinated  as  it  enters  the  pipe  and  water  delivery  is  gravity  operated 
by  means  of  the  head  maintained  by  the  dam.  Another  dam  was  constructed 
across  the  Sheyenne  River  about  10  miles  upstream  of  Valley  City  to  provide 
additonal  storage  which  can  be  released  to  the  lower  reservoir  as  desired. 

Lisbon  formerly  obtained  its  water  from  three  artesian  wells  ranging 
from  730  to  910  feet  deep.  In  1956,  the  city  switched  to  shallow  wells, 
approximately  50  feet  deep  which  tap  the  Sheyenne  River  aquifer.  Presently, 
Lisbon  has  two  wells,  and  the  water  is  treated  for  calcium  and  iron  before 
it  is  pumped  into  the  city  mains. 

The  city  of  West  Fargo  has  three  wells  ranging  in  depth  from  200 
to  240  feet.  The  wells  tap  the  West  Fargo  aquifer.  The  water  is  chlori¬ 
nated  before  being  pumped  into  the  city  system. 

Fargo  has  had  trouble  maintaining  an  adequate  water  supply.  3efore 
1910,  it  depended  on  wells  less  than  200  feet  deep  for  its  potable  water 
and  on  the  Red  River  for  its  fire  protection.  In  1910,  the  wells  began  to 
fail  and  the  search  began  for  additional  underground  supply.  In  the  mean¬ 
time,  the  Red  River  was  used  as  the  chief  source  of  supply  and  is  still 
being  used  today.  Since  building  a  diversion  from  the  Sheyenne  River  in 
1972,  Fargo  has  been  able  to  use  water  stored  in  Lake  Ashtabula.  As 
mentioned  earlier,  Fargo  was  allocated  52  percent  of  the  water  from  Lake 
Ashtabula.  In  September  1976,  during  a  short  drought  period,  Fargo  had 
to  restrict  water  use  to  its  residents.  At  this  time,  Fargo  started 
using  water  from  Lake  Ashtabula  and  did  so  for  approximately  8  months. 

During  this  period  there  was  essentially  no  flow  in  the  Red  River,  and 
the  only  flow  to  Fargo's  water  intakes  was  that  diverted  from  the  Sheyenne 
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River.  Fargo  has  constructed  four  channel  dams  on  the  Red  River,  furnishing 
some  storage  for  water  supply.  One  is  located  north  of  St.  Johns  Hospital 
and  forms  the  pumping  pool  for  the  city'd  water  plant.  The  others  are 
located  in  South  Fargo,  just  south  of  Hickson,  and  just  north  of  Christine. 
Table  M-3  shows  the  anticipated  water  demands  on  the  Sheyenne  River  for 
1980  and  2030  for  Valley  City,  West  Fargo,  and  Fargo.  These  cities  depend 
entirely  or  in  part  on  the  Sheyenne  River  for  water  supply  as  discussed 
above . 


Table  M-3  -  Anticipated  water  demands  for  1980  and  2030  at  major  water 
_ use  control  points _ 

_ Valley  City  West  Fargo _  Fargo 


_ ,1980  2030  1980  2030  1980  2030 

Month  MgdUj  CfsU;  Mgd  Cfs  Mgd  Cfs  Mgd  Cfs  Mgd  Cfs  Mgd  Cfs 


October 

1.3 

2 

1.3 

2 

0.8 

2 

1.9 

3 

8.6 

14 

15.8 

25 

November 

1.3 

2 

1.3 

2 

0.7 

1 

2.0 

3 

8.8 

14 

14.3 

22 

December 

1.3 

2 

1.3 

2 

0.8 

2 

1.7 

3 

8.4 

13 

13.8 

22 

January 

1.3 

2 

1.3 

2 

0.7 

1 

1.4 

2 

7.9 

12 

13.8 

22 

February 

1.3 

2 

1.3 

2 

0.8 

2 

1.8 

3 

8.9 

14 

17.5 

27 

March 

1.3 

2 

1.3 

2 

0.7 

1 

1.9 

3 

8.2 

13 

15.8 

25 

April 

1.3 

2 

1.3 

2 

1.0 

2 

2.2 

4 

10.8 

17 

16.3 

25 

May 

1.9 

3 

1.9 

3 

1.5 

2 

2.6 

4 

15.0 

23 

19.8 

31 

June 

1.9 

3 

1.9 

3 

0.9  • 

2 

2.2 

4 

10.7 

17 

18.4 

28 

July 

3.9 

6 

4.5 

7 

1.4 

2 

2.4 

4 

16.0 

25 

21.7 

34 

August 

3.2 

5 

3.9 

6 

1.0 

2 

2.1 

4 

11.2 

18 

17.8 

28 

September 

1.9 

3 

2.6 

4 

0.8 

2 

2.0 

3 

9.3 

15 

16.3 

25 

(1)  Million  gallons  per  day. 

(2)  Cubic  feet  per  second. 

(3)  Summarized  from  E.A.  Hickok  Report,  March  1982. 


The  Bureau  of  Reclamation's  Garrison  Diversion  Unit  is  a  multiple- 
purpose  water  resource  project  designed  to  divert  Missouri  River  water 
into  central  and  eastern  North  Dakota.  The  water  would  be  used  to  irrigate 
agricultural  land,  provide  municipal  and  industrial  water  supplies,  furnish 
recreational  opportunities,  and  provide  for  the  development  of  fish  and 
wildlife  areas.  The  project  would  irrigate  250,000  acres  of  land  through 
the  annual  transfer  of  510,000  acre-feet  of  water  from  the  Missouri  River.  The 
project  has  been  the  subject  of  numerous  studies  and  has  been  challenged 
in  court.  Numeroud  issues  remain  to  be  resolved  including  those  related 
to  potential  impacts  of  the  project  on  Canada  and  the  wildlife  plan  and 
mitigation.  The  project  is  stalled  as  a  result  of  a  Federal  court  order. 

The  action  is  being  appealed  by  the  Department  of  the  Interior  and  State 
of  North  Dakota.  Discussions  are  also  taking  place  with  Canada  in  an 
effort  to  resolve  Canadian  concerns. 
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Most  of  the  basin  is  underlain  by  one  or  more  aquifers.  These  aquifers 
can  be  divided  into  two  major  categories:  major  and  minor.  Major  aquifers 
are  traceable  over  large  areas,  produce  moderate  to  large  yields,  and  are 
frequently  used  or  hare  the  potential  for  significant  development.  Minor 
aquifers  are  used  in  the  absence  of  major  ones.  Though  individual  minor 
aquifers  are  numerous,  their  extent  and  productivity  are  limited.  As  with 
the  major  aquifers,  the  chemical  quality  and  depth  are  variable,  and  the 
aquifers  are  of  glacial  and  bedrock  origin. 

Unlike  the  surficial  drainage  system,  which  defines  the  Sheyenne  River 
basin  perimeter,  the  groundwater  system  does  not  necessarily  conform  to 
this  definition.  The  small  aquifers  (like  the  Courtenay  and  Central  Eddy) 
tend  to  be  entirely  within  the  basin.  Larger  aquifers  (like  the  Spiritwood 
and  New  Rockford)  are  found  not  only  within  the  basin  but  also  within  the 
Missouri  River  basin  and  other  Red  River  subbasins. 

With  local  exceptions  in  the  Fargo-Moorhead  and  Kindred  areas,  most 
areas  of  the  basin  have  adequate  groundwater  for  the  immediate  future. 
However,  any  significant  change  in  recharge,  resulting  from  a  prolonged 
drought,  extensive  pothole  drainage,  or  any  significant  increase  in  demand 
(for  industrial,  municipal,  and  agricultural  development),  could  signifi¬ 
cantly  alter  this  outlook.  Because  the  basin  is  in  a  predominantly  agricul¬ 
tural  area,  it  is  vulnerable  to  droughts  which,  in  turn,  increase  ground- 
water  demand  for  irrigation,  as  happened  during  the  1976  drought. 

The  preliminary  analysis  of  the  major  users  of  Sheyenne  River  water 
for  both  existing  and  anticipated  future  demands  does  not  indicate  any 
serious  shortages  in  the  foreseeable  future.  Evaluations  used  the  recurrence 
of  the  precipitation  and  runoff  characteristics  of  the  1930's  drought  and 
the  current  and  projected  water  use  characteristics  including  the  water 
demands  listed  in  table  M-3  to  estimate  potential  shortages.  The  drought 
of  the  1930's  is  estimated  to  have  been  a  very  infrequent  drought,  more 
severe  than  is  normally  used  for  water  supply  planning  purposes.  With  no 
serious  shortages  indicated  during  a  recurrence  of  the  1930 's  drought,  no 
major  water  supply  needs  are  indicated  in  the  foreseeable  future. 
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WATER  QUALITY 

The  bacteriological  and  chemical  characteristics  of  the  lower  Sheyenne 
River  have  been  documented  over  the  past  several  years.  In  general,  bacterial 
levels  indicate  poor  water  quality.  The  agricultural  and  mixed  agricultural- 
municipal  areas  were  identified  as  being  responsible  for  the  highest  incidence 
of  fecal  coliform  contamination.  The  fecal  coliform  content  of  the  water 
exceeds  State  and  Federal  standards  for  recreational  waters.  The  high 

bacterial  counts  are  due  to  agricultural  and  municipal  effluent.  Releases 
from  Baldhill  Dam  of  large  or  moderate  proportions  tend  to  dilute  this 
pollution;  however,  low  releases  do  little  to  enhance  water  quality. 

Chemical  constituents  such  as  nutrients,  sulfates,  total  dissolved 
and  suspended  solids,  and  chemical  oxygen  demand  can  be  excessive  and  reduce 
the  desirability  of  the  water  for  recreational  and  consumptive  uses. 

The  pollutant  load  of  the  river  increases  significantly  during  spring 
runoff.  Agricultural  and  municipal  operations  influence  the  chemical 
characteristics  of  the  river.  The  water  quality  of  the  river  affects  its 
fishery,  recreational  and  scenic  value,  and  personal  health  of  the  users. 


RECREATION 

A  number  of  land-based  recreation  areas,  including  city, county  and 
State  parks  with  associated  facilities,  exist  throughout  the  basin.  Also, 
several  existing  water-based  recreation  areas  are  readily  accessible  to 
people  living  in  the  portion  of  the  basin  from  Valley  City  upstream:  Lake 
Ashtabula,  Jamestown  Reservoir,  Pipestem  Reservoir,  and  several  smaller 
impoundments  in  adjacent  river  basins.  If  the  Garrison  Diversion  Unit 
proceeds  and  includes  restoration  of  Devils  Lake,  the  recreational  value 
of  the  Devils  Lake  area  should  be  enhanced.  However,  available  water-based 
outdoor  recreation  development  is  extremely  limited  in  the  lakeless  region 
of  the  lower  basin  and  surrounding  areas.  The  Fargo-Moorhead  metropolitan 
area  is  about  50  miles  from  Detroit  Lakes,  Minnesota;  90  miles  from  Lake 
Jim;  160  miles  from  Devils  Lake;  and  150  miles  from  South  Dakota  Lakes. 
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Although  boating,  canoeing,  and  camping  are  highly  popular  or  rapidly 
growing  in  popularity,  opportunities  are  limited  and  inadequate  in  the 
lower  basin.  The  need  exists  for  water  acres,  access  to  existing  resources, 
preservation  of  and  upgrading  of  existing  resources,  and  acquisition  and 
development  along  these  resources.  With  the  preservation,  upgrading, 
acquisition,  and  development  of  existng  and  new  water  resources  in  the  area, 
the  increasing  needs  for  fish  and  wildlife  habitat  could  be  met.  The  need 
for  hiking,  cross-country  skiing,  and  horseback  riding  trails  is  increasing 
in  conjunction  with  the  above  recreation  areas. 

FISH  AND  WILDLIFE 

The  Sheyenne  River  basin  has  relatively  limited  wooded  areas,  brush, 
and  other  desirable  habitat  to  support  wildlife,  except  in  the  river  valley 
and  coulee  areas,  particularly  in  the  valley  reach  between  Kindred  and 
Valley  City.  The  river  valley  and  adjacent  uplands  provide  valuable  wild¬ 
life  habitat  for  both  common  and  rare  species  in  North  Dakota.  These  species 
include  deer,  prairie  chicken,  waterfowl,  squirrel,  barred  owl,  wild  turkey, 
upland  plover,  and  marbled  godwit.  The  latter  two  are  found  mostly  in  the 
higher  prairies  of  the  Sheyenne  National  Grasslands. 

Although  few  natural  lakes  exist  in  the  basin,  the  Sheyenne  River  and 
Lake  Ashtabula  provide  both  warmwater  and  stream  fishery  values.  However, 
the  fishing  is  somewhat  degraded  or  restricted  because  of  the  water  quality 
and  associated  effects. 

About  1,500  acres  of  land  have  been  tentatively  identified  as  areas 
having  natural  significance  either  because  of  the  size  or  type  of  vegetation 
present  or  the  wildlife  species  they  support.  In  the  5  counties  that 
make  up  the  lower  basin,  55  sightings  of  rare  or  unique  plants  have  occurred. 
The  preservation  of  natural  areas  and  valuable  fish  and  wildlife  habitat 
is  an  identified  need  for  the  lower  basin. 
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HYDROPOWER 


Prolonged  periods  of  low  flow  preclude  the  economical  development  of 
hydroelectric  power.  Most  of  the  water  used  for  power  production  in  the 
Red  River  basin  functions  as  cooling  water  for  thermal-electric  power  plants. 
Also,  the  maximum  head  potential  for  the  Sheyenne  River  basin  is  about 
70  feet  and  a  very  large  storage  would  be  required  to  develop  this  potential. 

CULTURAL  RESOURCES 

Available  data  on  cultural  resources  have  been  assembled  from  a  variety 
of  published  and  unpublished  sources  in  a  report  prepared  under  contract 
with  the  St.  Paul  District.  The  records  indicate  170  known  prehistoric 
American  Indian  archaeological  sites  and  133  unverified  leads  to  other 
sites.  Most  of  these  sites  are  in  the  upper  basin,  especially  near  Lone- 
tree  Reservoir  where  systematic  surveys  have  been  carried  out  by  profes¬ 
sional  archaeologists.  The  sites  include  fortified  villages,  campsites, 
burial  mounds,  pictographs,  tipi  rings,  stone  alignments,  and  earthworks. 

The  area  has  been  continuously  occupied  for  at  least  10,000  years. 

The  frequency  of  sites  located  in  the  very  limited  areas  that  have  been 
systematically  surveyed  suggests  that  the  number  of  presently  unknown  sites 
is  enormous. 

The  records  of  historic  sites  are  more  complete,  though  here  again 
many  leads  are  unconfirmed.  The  46  known  sites  and  60  site  leads  include 
fur  trading  posts,  military  camps,  forts,  trails,  river  crossings,  town 
sites, stage  coach  and  mail  stations,  mills,  and  abandoned  farmsteads. 

Except  for  a  handful  of  these  sites,  little  can  be  said  today  about 
their  relative  importance.  Before  such  determinations  can  be  made  about 
the  known  sites,  the  sites  must  be  inspected  and  tested  and  their  current 
condition  and  historical  significance  must  be  evaluated. 
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To  preserve  the  limited  and  unrenewable  data  about  past  human  life 
In  the  area  and  ensure  that  information  about  the  past  is  available  to 
present  and  future  generations,  archaeological  sites  and  historic  structures 
in  all  area  of  proposed  impacts  should  be  identified,  protected,  preserved, 
evaluated,  enhanced,  and  interpreted  for  the  public. 

FORMULATION  OF  ALTERNATIVE  PLANS 


INTRODUCTION 

The  following  paragraphs  discuss  the  alternatives  in  terms  of  their 
flood  damage  reduction  effectiveness,  areas  of  compatibility  and  conflict, 
the  reasons  for  dropping  or  keeping  them  for  further  study,  and  the  rationale 
for  grouping  specific  alternatives  to  form  overall  plans.  The  stage  1 
evaluation  included  initial  identification  of  alternatives  and  the  deter¬ 
mination  of  which  alternatives  should  be  evaluated  in  more  idetail.  In 
stage  2,  the  most  promising  alternatives  were  combined  into  flood  damage 
reduction  plans,  and  the  plans  were  evaluated  to  determine  which  plans 
and  components  should  be  carried  into  the  final  stage  of  evaluation.  In 
the  final  evaluation  phase,  the  plans  which  met  the  criteria  for  economic 
development,  environmental  quality,  and  implementability  and  which  met  the 
planning  objectives  were  displayed.  At  this  point,  the  plan  considered 
to  best  meet  the  various  considerations  was  selected. 

STAGE  1  EVALUATION 

In  stage  1,  the  problems  and  needs  of  the  basin  were  identified,  and 
measures  to  meet  these  problems  and  needs  were  developed  and  evaluated 
on  the  basis  of  their  ability  to  meet  the  particular  objectives.  Although 
measures  for  several  object4 -is  were  developed  and  considered,  only  those 
for  flood  damage  reduction  will  be  discussed  here. 
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In  all,  102  measures  were  Identified  (see  table  M-4) .  The  alternatives 
that  had  significant  potential  for  reducing  flood  damages  wer  sized  and 
evaluated  for  their  ability  to  control  the  1-percent  chance  flood  in  the 
urban  areas.  The  alternatives  that  did  not  have  this  potential  were 
evaluated  to  determine  what  level  of  protection  they  could  reasonably 
provide.  Plate  M-2  shows  the  locations  of  these  measures. 
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Table  M-4  -  Summary  of  stage  1  evaluations _ 

_ Rat-iig  (1) 

Environ- 


Flood  damage  reduction  alternative 

Economic 

mental 

II-A-1.  Effects  of  othfer  rivers 

+1 

0 

2.  Effects  of  drainage 

+1 

0 

3.  Geological  survey 

0 

0 

4.  Economic  study  of  basin 

0 

0 

5.  Sociological  study  of  basin 

0 

0 

6.  Hydrologic  and  hydraulic  study  of  RRN  basin 

+1 

0 

II-B-1.  Basinwide  drainage  plan 

+1 

0 

2.  Regional /basinwide  approach  to  water  planning 

+1 

0 

3.  Develop  out  of  the  floodplain 

0 

0 

4.  Better  land  use  planning 

+1 

+1 

II-C-1.  Floodplain  zoning 

+1 

+1 

2.  Floodplain  regulations 

+1 

+1 

3-  Prohibit  replacement  of  obsolete  homes 

in  the  floodplain 

0 

0 

4.  Control  private  levee  construction 

+1 

+1 

5.  Enforce  drainage  laws 

+1 

+1 

6.  Better  legislation  to  control  drainage 

0 

+1 

II-D-1.  Establish  greenbelts 

0 

+1 

2.  Financial  incentives  to  retain  water  on 

farmland 

0 

+1 

3.  Small  retention  dams 

0 

+1 

4.  Provide  flood  insurance 

0 

0 

5.  Eliminate  flood  insurance  on  future  construction 

0 

0 

II-E-1.  Relocate  frquently  flooded  structures 

0 

0 

2.  Evacuate  floodplain  developments 

-1 

0 

3.  Flood  proofing 

-1 

0 

4.  Fall  release  of  Baldhill  Dam 

0 

0 

5.  Better  management  of  Baldhill  Dam 

0 

-1 

III-A-J..  Urban  levees 

a.  Valley  City 

-2 

0 

b.  Lisbon 

-2 

0 

c .  Kindred 

-1 

0 

d .  Horace 

-2 

0 

e.  West  Fargo 

+2 

0 

f.  Harwood 

-1 

0 

2.  Rural  levees 

a.  Kindred  to  Horace 

-2 

0 

b.  Horace  to  West  Fargo 

+1 

0 

c.  West  Fargo  to  Harwood 

0 

0 

d.  Harwood  to  RRN 

-2 

0 

e.  Kindred  to  RRN 

0 

0 
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_ Table  M-4  -  Summary  of  stage  1  evaluations  (cont) 

_ Raging  (1) 

Environ- 

Flood  damage  reduction  alternative _ Economic  mental 

III-B-1.  Sheyenne  River  diversions 

a.  M-19  to  RRN  via  Harwood  Slough  -2  0 

b.  M-30  to  M-24  around  West  Fargo  via  Drain  21  +2  0 

c.  M-33  to  RRN  via  Rose  Coulee  +2  u 

d.  M-35  to  RRN  via  Sheyenne  diversion  +2  0 

e.  M-42  to  Wild  Rice  River  near  Horace  +2  0 

f.  M-42  to  M-24  via  Drain  21  +2  0 

g.  M-54  to  Wild  Rice  River  near  Norman  +2  0 

h.  M-65  to  Wild  Rice  River  near  Kindred  +2  0 

i.  M-138  to  Wild  Rice  River  near  Milnor  -2  0 

j .  M-150  to  James  River  via  Taayer  Reservoir  -2  0 

k.  M-155  to  James  River  via  Bear  Creeek  -2  0 

l.  M-190  to  James  River  via  Bear  Creek  -2  0 

m.  M-195  to  James  River  via  Bear  Creek  -2  0 


III-B-2.  Maple  River  diversions 

a.  M-6  to  RRN  via  Drain  13  -1  0 

b.  M-104  to  Sheyenne  River  via  natural 

valley  -1  +1 


III-C-1.  Channelize  Sheyenne  River  -  Kindred  to  mouth  +1  -1 

2.  Channelize  Maple  River  -  Durbin  to  mouth  -1  -1 


III-D-1.  Enlarge  Cass  County  Drains  13,  21,  and  45  0  0 

2.  Install  retention  control  structure  on  drains  0  0 

3.  Modify  bridges  and  highways  0  0 


III-E-1.  Snag  and  clear  Sheyenne  River  0  0 

2.  Snag  and  clear  Maple  River  -1  0 

3.  Snag  and  clear  Sheyenne  River  tributaries  -1  0 


III-F-1.  Restore  drained  wetlands  0  +1 

2.  Increase  storage  capacity  of  wetlands  0  +1 


III-G-1,  Dams  and  reservoirs  -  Sheyenne  River  main  stem 

a.  Kindred  (M-76)  +i  -2 

b.  Highway  18  (M-86)  +1  -2 

c.  Larson's  Bridge  (M-110)  0  -2 

d.  Strong  Memorial  Park  (M-138)  0  -1 

e.  Lisbon  (M-171)  -1  -2 

f.  Fort  Ransom  (M-196)  -1  -2 

g.  Baldhill  Dam  (M-271)  0  -2 

h.  Cooperstown  (M-320)  0  -2 

i.  Warwick  (M-418)  -2  -1 
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Table  M-4  -  Summary  of  stage  1  evaluations  (cont) 


Flood  damage  reduction  alternative 

Rating  (1) 
Environ- 

Economic  mental 

III-6-2.  Dams  and  reservoirs  -  Sheyenne  River  tributaries 

a.  T-83 

-1 

0 

b.  T-94 

0 

0 

c.  Dead  Colt  Creek  (T-150) 

0 

0 

d.  Timber  Coulee  (T-158) 

0 

0 

e.  T-213 

+1 

0 

f.  T-240 

+1 

0 

g.  T-268 

0 

0 

h.  Baldhill  Creeek  (T-283) 

+1 

0 

i.  T-304 

+1 

0 

j.  T-308 

+1 

0 

k.  T-321 

+1 

0 

1.  Pickerel  Lake  Creek  (T-334) 

+1 

0 

m.  Lake  Norway  (T-350) 

+1 

0 

n.  Kloten  (T-366) 

0 

0 

o.  McVille  Coulee  (T-367) 

+1 

0 

p.  Spring  Coulee  (T-393) 

-1 

0 

q.  Robinson  Coulee  (T-416) 

0 

0 

r.  T-438 

-1 

0 

s.  T-439 

-1 

0 

t.  T-448 

-1 

0 

u.  Peterson  Coulee  (T-453) 

-1 

0 

v.  T-460 

0 

0 

w.  Big  Coulee  (T-463) 

+1 

0 

x.  North  Fork  (T-470) 

+1 

-1 

3.  Dams  and  reservoirs  -  Maple  River  main  stem 

a.  Watson  (M-76) 

0 

-1 

b.  Highland  (M-87) 

0 

-1 

c.  Enderlin  (M-106) 

0 

-1 

4.  Dams  and  reservoirs  -  Maple  River  tributaries 

a.  South  Branch  (T-102) 

0 

0 

b.  T-104a 

-1 

0 

c.  T-104b 

-1 

0 

d.  Lucca  (T-110) 

0 

0 

(1)  Rating:  +2 

Very  good  i  j 

+1 

Good  j  ; 

o 

Neutral 

-l 

Poor  !  j 

-2 

Bad  j  j 

.  A  \ 
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The  environmental,  social,  and  economic  impacts  of  the  alternatives 
were  evaluated  in  as  much  detail  as  possible  in  this  early  stage  of  the 
study.  In  general,  the  following  factors  were  identified: 

•  First  cost. 

•  Average  annual  cost . 

•  Urban  and  agricultural  benefits. 

•  Total  flood  control  benefits. 

•  Benefit-cost  ratio. 

•  Acres  of  wildlife  habitat  affected. 

•  Numbers  of  farmsteads,  residences,  and  businesses  affected. 

•  Acres  and  types  of  land  required . 

•  Flood  damdge  reduction  effectiveness  in  particular  areas  and 
for  the  whole  Sheyenne  River. 

•  Effectiveness  in  preventing  damages  from  the  1-  and  16-percent 
chance  floods  at  specific  locations  along  the  Sheyenne  River. 

The  assessment  of  these  impacts  for  each  alternative  is  described  in 
Appendix  L. 

Once  these  factors  were  assessed,  the  alternatives  were  rated  on  their 
economic  contributions,  environmental  impacts,  and  implementability.  This 
evaluation  used  a  simplified  system  of  positive,  negative,  or  neutral 
ratings  assigned  by  an  interdisciplinary  team  of  Corps  of  Engineers 
personnel  with  the  aid  of  other  agencies.  The  ratings  are  summarized 
in  table  M-4. 

After  considering  the  economic  and  environmental  ratings  and  the 
potential  for  reducing  flood  damages,  the  citizens  committee  and  State 
and  Federal  agencies  evaluated  the  altenatives '  implementability  and 
worthiness  to  be  carried  on  for  further  study.  The  recommendations  of  the 
citizens  committee  and  agencies  are  summarized  in  table  M-5. 

i 

J 

t 

i 
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Table  M-5  -  Summary  of  recommendations  by  organizations  and  agencies  on  the  preliminary  flood  damage 

reduction  alternatives  for  the  Sheyenne  River  basin,  North  Dakota  (cont) _ 
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On  the  basis  of  the  recommendations  and  comments  of  all  concerned 
interests  as  well  as  the  economic  and  environmental  impacts,  the  alterna¬ 
tives  were  separated  into  two  groups: 

1.  Alternatives  considered  in  stage  1  but  dropped  from  further 
consideration. 


2.  Alternatives  still  under  consideration. 


Table  M-6  lists  the  alternatives  dropped  from  further  consideration  and 
the  reasons  for  dropping  them. 


Table  M-6  -  Alternatives  considered  in  stage  1  but  dropped  from 

_ further  consideration _ 

_ Alternative  Reasons  for  dropping 


Nonstructural 


Prohibit  replacement  of  obsolete 
homes  in'  floodplain 


Establish  greenbelts 


Because  of  the  vast  width  of  the 
floodplain  and  the  relatively 
shallow  depth  of  the  flooding  in 
the  lower  Sheyenne  River,  flood 
proofed  home  construction  could 
be  a  wise  use  for  portions 
of  the  floodplain.  With  proper 
regulation  and  zoning,  the  effects 
of  such  construction  on  flood 
height  would  be  insignificant. 

This  concept  by  itself  would  have 
no  flood  damage  reduction  capa¬ 
bilities.  In  many  areas,  develop¬ 
ment  has  already  occurred  up  to 
the  river's  edge.  However,  this 
concept  does  have  environmental 
merit . 


This  concept  would  eliminate  the 
premium  constraint  on  floodplain 
development  and  thus  could  en¬ 
courage  uncontrolled  construction 
within  the  floodplain. 


Eliminate  flood  insurance 
on  future  construction 


Table  M-6  -  Alternatives  considered  in  stage  1  but  dropped  from 

_ further  consideration  (cont)  _ 

_ Alternative  _ Reasons  for  dropping _ 

Nona true tural  (cont) 

Evacuate  floodplain  developments  This  concept  is  not  economically 

or  socially  viable  for  the  entire 
floodplain  because  of  the  extent 
of  development  in  the  flood- 
plain  and  the  vast  width  of  the 
floodplain,  especially  in  the  West 
Fargo  area.  However,  in  Valley  City 
and  Lisbon,  partial  relocation  plans 
may  be  practical. 


Fall  release  of  water  from  This  concept  has  been  included  in 

Baldhill  Dam  the  revised  management  of  Baldhill 

Dam  alternative. 


Structural 

Urban  levees  at  Valley  City 


Urban  levees  at  Lisbon 


Urban  levees  at  Kindred 


Urban  levees  at  Horace 
Urban  levees  at  West  Fargo 


Rural  levees  Kindred  to  Horace 


Not  economically  Justifiable,  and 
the  level  of  protection  exceeds 
that  wanted  by  the  city. 

Not  economically  justifiable,  and 
the  level  of  protection  exceeds 
that  wanted  by  the  city. 

Not  economically  justifiable,  and 
the  level  of  protection  exceeds 
that  wanted  by  the  city. 

Not  economically  justifiable. 

This  concept  was  changed  to  the 
combination  levees  and  diversion 
around  West  Fargo  (M-30  to  M-24) 
alternative  because  of  the  problems 
with  levee  alignments  along  the 
Sheyenne  River.  Because  the  homes 
are  close  to  the  riverbank,  putting 
levees  along  the  river  would  be  very 
costly  or  may  require  relocations. 

Not  economically  justifiable  by 
Itself;  it  could  create  more  flood 
damages  downstream  in  the  Horace-West 
Fargo  and  Harwood  areas  by  the  confining 
effect  of  the  levees.  In  recognition 
of  this  effect,  the  concept  was  incorpo¬ 
rated  in  the  rural  levees  at  selected 
reaches  from  Kindred  to  RRN  alternative. 
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Table  M-6  -  Alternatives  considered  in  stage  1  but  dropped  from 

_ further  consideration  (cont) _ 

_ Alternative  Reasons  for  dropping 


Structural  (cont) 

Rural  levees  Harwood  to  RRN 


Sheyenne  River  diversions 

M-19  to  RRN  via  Harwood 
Slough 


M-33  to  RRN  via  Rose 
Coulee 


M-35  to  RRN  via  Sheyenne 
diversion 


M-138  to  Wild  Rice  River 
near  Milnor 


M— 150  to  James  River  via 
Taayer  Reservoir 


M-155  to  James  River  via 
Bear  Creek 

M-190  to  James  River  via 
Bear  Creek 

M-195  to  James  River  via 
Bear  Creek 


Not  economically  justifiable  by  it¬ 
self;  this  concept  was  incorporated 
in  the  rural  levees  at  selected 
reaches  from  Kindred  to  RRN 
alternative. 


Not  economically  justifiable  by  it¬ 
self;  would  have  little  if  any  effect 
in  reducing  flood  levels  along  the 
Sheyenne  River  upstream  of  the  con¬ 
fluence  with  Maple  River. 

Even  though  this  alternative  is  eco¬ 
nomically  justifiable,  its  area  of 
protection  is  smaller  than  those  of  the 
M-42  through  M-65  diversions  which 
have  similar  economics.  Dropped  in 
favor  of  M-42,  M-54,  or  M-65. 

The  alternative  is  economically 
justifiable;  however,  the  area  of 
protection  is  smaller  than  those  of 
the  M-42  through  M-65  diversions 
which  have  similar  economics. 

Dropped  in  favor  of  M-42  M-54,  or 
M-65. 

Not  economically  justifiable;  high 
construction  costs  far  exceed  possible 
flood  damage  reduction  benefits. 

Not  economically  justifiable;  high 
construction  costs  involved  in  crossing 
the  drainage  divide  far  exceed  possible 
benefits. 

Not  economically  justifiable;  high  con¬ 
struction  costs  exceed  possible  benefits. 

Not  economically  justifiable;  high 
costs  far  exceed  possible  benefits. 

Not  economically  justifiable;  high 
construction  costs  far  exceed  possible 
benefits. 


Table  M-6  -  Alternatives  considered  in  stage  1  but  dropped  from 

_ further  consideration  (cont) _ -  _  . 

_ Alternative  Reasons  for  dropping 


Maple  River  diversion  -  M-104 
to  Sheyenne  River  via 
natural  valley 


Not  economically  justifiable  by  it¬ 
self  and  may  have  an  adverse  effect 
on  flood  stages  along  the  Sheyenne 
River. 


Channelize  Maple  River  - 
Durbin  to  mouth 


Snag  and  clear  Maple  River  - 
Durbin  to  mouth 


Snag  and  clear  Sheyenne 
River  tributaries 


Both  economically  and  environmentally 
unsound;  little  if  any  flood  damage 
reduction  at  West  Fargo. 

Economically  unsound,  would  have  little 
if  any  flood  damage  reduction  effects 
at  West  Fargo. 

Economically  poor,  would  have  little 
if  any  flood  damage  reduction  effects 
along  the  Sheyenne  River. 


Dams  and  reservoirs  -  Sheyenne 
River  main  stem 

Highway  18  (M-86)  Even  though  economically  justifiable, 

this  alternative  has  less  overall 
flood  damage  effectiveness  than  the 
larger  and  more  economical  Kindred 
site.  However,  this  site  could  be  con¬ 
sidered  at  a  later  time  as  an  effective 
alternate  to  a  reduced-size  Kindred  Dam. 


Larson's  Bridge  (M-110)  This  alternative  has  less  overall  flood 

damage  effectiveness  than  the  Highway 
18  site  or  the  Kindred  site.  Dropped 
in  favor  of  the  Highway  18  or  Kindred 
sites. 


Strong  Memorial  Park  Ql-138)  Because  of  the  relatively  small  size 

of  this  reservoir  and  its  location, 
the  flood  damage  reduction  effective¬ 
ness  would  be  very  low. 


Lisbon  (M-171)  Not  economically  justifiable;  this 

alternative  has  less  overall  flood  damage 
reduction  effectiveness  than  the  more 
economical  Kindred  site. 


Fort  Ransom  (M-196)  Not  economically  justifiable;  this  alter¬ 

native's  flood  damage  reduction  effec¬ 
tiveness  is  less  than  the  more  economi¬ 
cal  Kindred  site. 
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Table  M-6  -  Alternatives  considerd  in  stage  1  but  dropped  from 

_ further  consideration  (cont) 

Alternative  Reasons  for  dropping 


I 

/ 


Dams  and  reservoirs  -  Sheyenne 
River  main  stem  (cont) 

Cooperstown  (M-320)  The  size  and  location  do  not  offer 

effective  reduction  of  overall  flood 
damages.  Raise  of  Baldhill  Dam  would 
be  more  effective,  more  efficient, 
and  less  costly. 

Warwick  (M-418)  Both  economically  and  environmentally 

unjustifiable;  very  poor  flood  damage 
reduction  effectiveness. 


Dams  and  reservoirs  -  Sheyenne 
River  tributaries 


T-83  Not  economically  justifiable  by  itself 

because  of  small  drainage  area  controlled 
and  small  storage  capacity.  Also,  it  is 
located  too  far  downstream  to  be  ef- 
fective  in  reducing  the  first  peak  of  the 
Sheyenne  River  flood.  Could  actually 
increase  main  flood  peaks  under  some 
conditions. 


T-213 


T-268 


Not  economically  justifiable  by  itself 
because  of  major  relocations.  Also, 
because  of  its  location,  its  effects 
will  be  on  the  recession  side  of  the 
first  peak  flood  hydrograph. 

Not  economically  justifiable  by  Itself 
because  of  major  relocations.  Also, 
because  of  its  location,  its  effects 
will  be  on  recession  side  of  the  first 
peak  flood  hydrograph. 


T-283  Baldhill  Creek; 

T-304;  T-308;  T-321; 

T-334  Pickerel  Lake  Creek; 
T-350  Lake  Norway;  T-366 
Rio ten;  T-367  Me  Ville 
Coulee;  T-393  Spring  Coulee 


These  tributary  dams  would  have  no 
effect  on  the  first  peak  of  Sheyenne 
River  floods.  Also,  any  effect  they 
would  have  on  the  second  peak  could 
be  achieved  more  economically  and  ef¬ 
fectively  with  a  very  minor  raise  of 
Baldhill  Dam. 


) 
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Table  M-6  -  Alternatives  considered  in  stage  1  but  dropped  from 

_ further  consideration  (cont) 

Alternative  Reasons  for  dropping 

Dams  and  reservoirs  -  Sheyenne 
River  tributaries  (cont) 


T-A16  Robinson  Coulee; 
T-438;  T-439;  T-448;  T-453 
Peterson  Coulee;  T-460; 
T-463  Big  Coulee;  T-470 
North  Fork 

Dams  and  reservoirs  -  Maple 
River  main  stem 


These  tributary  dams  would  have  no  ef¬ 
fect  on  either  the  first  or  second 
peak  of  Sheyenne  River  floods  be¬ 
cause  of  their  location  in  the  upper 
part  of  the  watershed. 


M-76  Watson 
M-87  Highland 


Both  of  these  dams  would  have  limited 
effects  on  flows  in  the  Sheyenne  River 
below  the  mouth  of  the  Maple  River 
and  at  West  Fargo.  Similar  effects 
plus  a  major  reduction  of  flood  flows 
along  the  Maple  River  at  Enderlin 
could  be  achieved  with  the  M-106 
Enderlin  Dam  alternative. 


T-102  South  Branch; 

T-104a;  T-104b;  T-110  Lucca 


These  dams  would  have  little 
effect  on  flood  flows  in  the  Sheyenne 
River.  The  Maple  River  main  stem  dam 
(M-106,  Enderlin)  alternative  would 
be  more  economical  and  effective  than 
these  four  reservoirs  in  reducing  Maple 
River  flows  and  in  affecting  flows  on 
the  Sheyenne  River. 


The  alteratives  carried  on  for  consideration  in  stage  2  are  listed 
in  table  M-7.  These  alternatives  are  presented  in  three  categories: 

(1)  those  alternatives  that  would  be  part  of  existing  and/or  future 
base  conditions,  (2)  those  alternatives  that  could  be  considered  minor 
components  of  a  flood  damage  reduction  plan,  and  (3)  those  alternatives 
that  could  be  considered  major  components  of  a  flood  damage  reduction  plan. 


Table  M-7  -  Alternatives  carried  into  stage  2 


Alternative  measures  that  would  be  considered  as  part  of  the  existing 
and  future  base  conditions  ”  — — 


Effects  of  other  rivers 

Effects  of  drainage 

Geological  survey 

Economic  study  of  basin 

Sociological  study  of  basin 

Hydrologic  and  hydraulic  study  of  RUN  basin 

Basinwide  drainage  plan 

Regioral/basinwide  approach  to  water  planning 

Better  land  use  planning 

Floodplain  zoning 

Floodplain  regulations 

Control  of  private  levee  construction 

Enforcement  of  drainage  laws 

Flood  insurance 

Alternative  measures  that  would  be  considered  as  minor  components  of 
an  overall  plan  " 

Develop  out  of  floodplain 

More  stringent  legislation  to  control  drainage 
Financial  incentives  to  retain  water  on  farmland 
Small  retention  dams 
Relocate  frequently  flooded  structures 
Flood  proofing 

Revised  management  of  Baldhill  Dam 

Urban  levees  at  Harwood 

Rural  levees  from  Horace  to  West  Fargo 

Rural  levees  from  West  Fargo  to  Harwood 

Rural  levees  at  selected  reaches  from  Kindred  to  the  RRN 

Maple  River  diversion  M-6  to  RRN  via  drain  No.  13 


Table  M-7  -  Alternatives  carried  into  stage  2  (cont) 


Alternative  measures  that  would  be  considered  as  minor  components  of 
an  overall  plan  (cont) 

Drainage,  ditches,  bridges,  etc.: 

Enlarge  Cass  County  drains  Nos.  13,  21  and  45 
Install  retention  control  structures  on  drains 
Modify  bridges  and  highways 
Snag  and  clear  Sheyenne  River 

Wetlands: 

Restore  drained  wetlands 

Increase  storage  capacity  of  wetlands 

Tributary  dams  and  reservoirs 

Iron  Springs  (T-94) 

Dead  Colt  Creek  (T-150) 

Timber  Coulee  (T-158) 

T-240 


Maple  River  main  stem  dam  and  reservoir  (M-106)  Enderlin 

Alternative  measures  that  would  be  considered  as  major  components  of 
an  overall  plan 

Levees  and  diversion  M-30  to  M-24  around  West  Fargo 
Sheyenne  River  diversion  M-42  to  Wild  Rice  River  near  Horace 
Sheyenne  River  diversion  M-42  to  M-24  via  drain  No.  21 
Sheyenne  River  diversion  M-54  to  Wild  Rice  River  near  Norman 
Sheyenne  River  diversion  M-65  to  Wild  Rice  River  near  Kindred 
Channelize  Sheyenne  River  Kindred  to  mouth. 

Dams  and  reservoirs  -  Sheyenne  River  main  stem 
Kindred  (M-76)  * 

Baldhill  Dam  (M-271) 


STAGE  2  EVALUATION 


General 


The  alternatives  listed  in  table  M-7  were  evaluated  in  further  detail 
during  stage  2.  This  evaluation  included  a  more  refined  and  detailed 
engineering  design  of  the  alternatives,  resulting  in  revised  cost  estimates 
as  well  as  improved  estimates  of  flood  damage  reduction  effectiveness  and 
environmental  and  social  impacts.  For  most  alternatives,  several  designs 
were  developed  so  that  the  most  cost-effective  and  beneficial  designs 
could  be  selected  for  inclusion  in  the  plans.  The  more  detailed  informa¬ 
tion,  including  costs,  benefits,  environmental  impacts,  social  impacts, 
and  flood  damage  reduction  effectiveness,  for  each  alternative  carried 
into  stage  2  is  summarized  in  Appendix  L. 

The  level  of  detail  used  for  the  evaluation  varied.  The  alternatives 
considered  for  inclusion  as  major  components  of  plans  were  evaluated  in  more 
detail  than  those  considered  for  inclusion  as  minor  components  or  as  part 
of  the  existng  or  future  base  condition.  Implementability  analyses  were 
conducted  on  the  remaining  alternatives.  The  alternatives  were  then  compared 
and  grouped  into  seven  flood  damage  reduction  plans.  A  comparison  of  these 
plans  and  recommendations  on  which  plans  should  be  carried  forward  for 
final  evaluation  are  described  in  the  following  paragraphs. 

Implementability  Analysis 

Relative  implementability  was  documented  using  two  methods.  Although 
neither  analysis  can  be  used  to  assess  whether  an  alternative  is  implemen- 
table,  taken  together,  the  two  analyses  indicate  potential  dif f iciklties 
for  implementing  a  particular  alternative. 

The  first  analysis  was  a  compilation  of  the  views  of  the  representatives 
of  the  Lower  Sheyenne  River  Citizens  Committee  on  the  relationship  of  the 
various  measures  to  the  planning  objectives.  An  indication  of  which 
alternatives  were  compatible  and  which  were  in  conflict  with  the  planning 
objectives  was  obtained.  Table  M-8  summarizes  the  results  of  this  analysis. 
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(1)  Lower  Sheyenne  River  Citizens  Committee  responses,  26  March  1979- 


The  relative  value  of  the  compatibility  response  is  greatest  for  the 
potential  addition  or  meeting  of  objectives  other  than  flood  damage  reduction. 
The  perceptions  of  the  committee  members  show  that  the  water  storage  alter¬ 
natives  are  compatible  with  more  ensured  water  supplies,  improved  water 
quality,  and  more  water-based  recreation.  However,  on  the  basis  of  the 
number  of  responses,  committee  members  indicated  compatibility  more  often 
for  the  less  controversial  and  less  effective  measures.  The  compatibility 
responses  for  an  alternative  in  the  flood  damage  reduction  objectives 
do  not  necessarily  relate  to  the  actual  effectiveness  of  the  alternative 
but  rather  to  the  collectively  perceived  acceptability  of  the  alternative. 
Thus,  the  responses  on  compatibility  may  be  used  as  a  partial  indicator 
of  which  alternatives  may  be  most  readily  implemented. 

Table  M-9  summarizes  the  responses  of  the  committee  members  regarding 
the  conflicts  of  the  flood  damage  reduction  alternatives  with  other  planning 
objectives.  The  conflict  presentation  indicated  the  two  alternatives 
perceived  as  having  the  greatest  potential  for  conflicts  are  Kindred  Dam 
and  channelization  of  the  Sheyenne  River.  Enlargement  of  county  drains, 
raise  of  Baldhill  Dam,  and  the  levees  and  diversion  at  West  Fargo  also 
produced  some  evidence  of  conflict.  These  conflicts  indicate  potential 

implementability  problems.  Also,  a  comparison  of  the  conflict  areas  with 

( 

the  actual  effects  of  the  alternative  based  on  technical  analysis  indicates 
areas  where  perceived  effects  differ  from  predicted  effects.  These  conflict 
and  compatibility  displays  can  be  used  with  the  technical  analyses  to 
identify  problem  areas' that  may  affect  the  implementability  of  the  various 
alternatives. 
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tential  conflicts  with  planning  objectives 
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(1)  Lower  Sheyenne  River  Citizens  Committee  responses,  26  March  1979 


r 


The  second  analysis  was  a  technically-oriented  procedure  developed 
for  this  study  to  identify  the  plans  that  are  "management  actions  capable 
of  being  implemented  based  on  their  institutional  and  technological 
feasibility,  and  on  their  acceptability  to  some  segment  of  the  affected 
public."  This  analysis  was  conducted  by  social  scientists  and  water 
resource  planners  from  the  Corps  of  Engineers. 

The  implementability  factors  used  were  derived  from  the  concerns  which 
determine  the  viability  of  an  alternative.  Most  of  these  factors  were  derived 
from  the  ER  1105-2-200  (multiobjective  planning  framework)  series  and  implied 
in  the  Principles  and  Standards.  The  other  factors  were  derived  from  profes¬ 
sional  knowledge  of  public  involvement,  decision  making,  and  conflict  theory. 

The  procedure  includes  a  display  and  analysis  format  to  evaluate  a  set 
of  alternatives  with  respect  to  the  factors  that  determine  implementability. 
The  function  of  this  procedure  is  twofold.  First,  because  it  employs  a 
systematic  method,  the  implementability  analysis  can  be  replicated  and 
is  consistent  in  its  treatment  of  each  alternative.  Second,  the  proce¬ 
dure  separates  implementability  into  its  primary  determinants,  allowing 
a  more  direct  analysis.  These  two  functions  combine  to  allow  more 
accurate  projections  of  the  implementability  of  the  alternatives.  This 
process  provides  a  greater  "guarantee"  of  time  and  cost  effectiveness 
by  limiting  final  sets  of  alternatives  to  only  those  that  have  a  strong 
potential  for  implementation.  Also,  the  implementability  analysis  proce¬ 
dure  will  identify  problem  areas  within  alternatives  and  direct  "trouble¬ 
shooting"  efforts  toward  those  components,  increasing  the  viability  of 
specific  alternatives.  In  general,  significant  differences  are  defined 
as  those  which  involve  changes  in  direction  of  effect  (e.".,  4+/0-  to 
0+/4-),  rather  than  changes  in  magnitude  (e.g.,  4+/0”to  6+/0) .  The 
latter  differences  generally  reflect  new  information  which  becomes 
available  during  the  study. 
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The  assessment  procedure  consists  of  the  evaluation  and  scoring  of 
six  major  criteria  affecting  Implementability .  Each  criterion,  in  turn, 
consists  of  several  component  factors.  The  factors  used  to  assess 
implementability  are  presented  in  table  M-10  along  with  some  method 
definitions  and  descriptions  of  the  use  of  the  instrument  for  the 
Sheyenne  River  flood  damage  reduction  alternatives. 


_ Table  M-10  -  Assessment  factors _ 

A.  INSTITUTIONAL  CONSTRAINTS 

1.  Lack  of  organizational  implementing  authority.  Is  there  an 
organization  or  group  in  the  area  which  has  the  authority 
to  implement  the  action?  Are  they  willing  to  implement  it? 

2.  Conflicting  agency  directives.  Does  the  plan  cause  conflict 
between  two  or  more  agencies  (local,  county,  regional.  State, 
Federal)  that  share  a  common  jurisdiction  but  have  competing 
goals? 

3.  Jurisdictional  overlap  of  authority.  Will  the  plan  require 
complex  and  difficult  coordination  because  of  a  large  number 
of  organizations /agencies  with  some  partial  responsibility  or 
authority  for  decision  making? 

B.  CONFLICT  AMONG  COMPETING  INTERESTS /PURPOSES 

1.  Extensive  harm  to  some  concerns  to  maximize  others  in  the 
development  of  a  single  purpose.  Will  an  alternative  cause 
additional  harm  or  losses  in  already  vulnerable  or  scarce 
resources?  Is  this  amount  of  loss  acceptable,  given  the 
benefits  to  other  concerns  or  purposes? 

2.  Foreclosure  of  opportunities  to  develop  secondary  purposes  in 
maximizing  a  major  purpose. 

a.  Will  the  plan  involve  a  permanent  commitment  of  a  resource 
to  one  primary  purpose?  Is  this  commitment  acceptable?  How 
much  of  a  comnitment  is  acceptable? 

b.  Would  the  development  and  implementation  of  the  primary 
objective  be  compatible  with  development  of  other  objectives? 


_ Table  M-10  -  Assessment  factors  (cont) 

CONTROVERSY  LEVELS  IN  THE  PROJECT  AREA 


1.  Substantial  opposition  to  specific  alternatives  and 
closure  of  attitudes  on  variations.  Will  the  oppo¬ 
sition  which  has  developed  to  date  allow  the  alternative 
to  be  reconsidered  on  its  merits,  or  are  attitudes  closed? 

2.  Potential  for  general  opposition  to  an  action  on  the  basis  of: 

a.  Conflicting  agency  determinations  of  plan  effects, 
feasibility.  Do  differences  exist  between  agencies  as 
to  the  effects  or  feasibility  of  the  plan? 

b.  Perceptions  of  effects  as  distinct  from  determinations 
of  effect.  Do  local  perceptions  of  the  effects  of  the 
plan  differ  from  those  of  the  Corps?  Other  agencies? 

c.  General  attitudes  toward  Federal  intervention.  Does  the 
type  of  Federal  intervention  in  "local  matters"  involved 
in  this  plan  reduce  the  possibility  of  implementation? 

What  would  be  the  local  attitudes  toward  this  type  of 
Federal  intervention? 

EQUITABLE  DISTRIBUTION  OF  COSTS  AND  BENEFITS 

1.  Avoiding  imposing  hardships  or  costs  on  those  who  do  not 
benefit  from  an  action. 

a.  What  would  be  the  nature  of  the  hardships  or  costs  involved  - 
permanent  or  temporary?  Partial  or  total? 

b.  Is  the  amount  of  hardship  or  cost  that  a  group  would  have 
to  bear  acceptable,  considering  the  good  of  others  who 
benefit?  Is  the  distribution  of  cost  or  hardship  unfair, 
considering  factors  of  special  vulnerability  such  as  age, 
low  income,  or  present  scarcity  of  the  resource(s)  affected? 

c.  How  much  are  you  willing  to  burden  or  take  from  some  people 
to  give  others  what  they  want?  (This  judgment  should  be 
tempered  by  how  well  off  and  able  to  fend  for  themselves 
the  members  of  each  group  are.) 

2.  Allocating  major  local  costs  to  those  who  are  also  the  major 
beneficiaries. 

a.  Is  the  distribution  of  benefits  from  the  action  a  major 
factor  in  determining  the  distribution  of  costs? 

b.  Is  the  degree  of  hardship  or  cost  borne  fair,  considering 
the  amount  of  benefits  that  the  group  receives? 
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Table  M-10  -  Assessment  factors  (cont) 


E.  DEGREE  TO  WHICH  ALTERNATIVE  ADDRESSES  PLANNING  OBJECTIVES 

1.  Local  perceptions  of  necessity  for  the  action. 

Is  the  alternative  necessary  to  solve  the  problems 
that  exist? 

2.  Local  perception  of  providing  acceptable  degrees  of  action. 

a.  Does  the  plan  adequately  provide  for  the  needs  of  the 
study  area? 

b.  Does  it  adequately  provide  for  the  needs  of  other  areas? 

c.  Is  the  plan  an  effective  solution  to  existing  problems? 

F.  AGENCY  CONSTRAINTS 

1.  Value  of  the  adapted  technique.  Is  the  benefit  received 
reasonable  in  relation  to  the  cost  of  doing  it  this  way? 

2.  Feasibility  of  the  adapted  technique.  Will  it  take  so  long  to 
get  it  done  that  changing  conditions  and  attitudes  may 
hinder  its  completion. 


The  assessment  factors  were  evaluated  on  the  basis  of  their  relative 
impacts  —  "positive",  "negative",  or  "neutral".  In  principle,  the 
distinctions  among  "negative",  "neutral",  and  "positive"  should  be  able 
to  be  reduced  to  a  standard  quantitative  set  of  cut-point  rules.  However, 
a  number  of  probleihs  hinder  this  degree  of  standardization.  Cutoff 
points  have  to  reflect  the  severity  of  impacts,  which  varies  according 
to  the  specific  plan  and  the  local  public's  perceptions  of  that  plan. 

The  implementability  analysis  procedure  is  explicit  enough  to  allow 
considerable  participation  by  study  team  members  who  are  not  social 
scientists.  It  does  not,  however,  eliminate  the  need  for  professional 
judgments  consernirig  the  potential  human  responses  to  particular  alter¬ 
natives.  Instead,  it  provides  some  criteria  to  direct  that  judgment. 

These  criteria  are  as  follows:  (1)  judgments  of  intensity  and  direction 
of  effect  are  situation-specific  with  regard  to  preferences  of  study 
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area  citizens,  (2)  the  subjective  perceptions  of  local  individuals  as 
well  as  the  "objective  facts"  are  considered  in  arriving  at  a  rating, 
and  (3)  justifications  for  each  rating  should  be  available  on  request 
from  the  assessor  if  the  ratings  are  objectionable  (they  could  be  presented 
for  each  case,  but  the  total  number  of  cases  being  evaluated  makes  this 
undesirable) . 

The  criteria  for  a  "positive",  "neutral",  or  "negative"  rating 
are  as  follows: 

Positive  (+) 


1. 

Takes  advantage  of  an  opportune 

a  benefit  to  implementation. 

situation  in  providing 

2. 

Responds  to  a  widespread  public 

demand . 

Neutral 

M 

1. 

Neutral  effect. 

2. 

Imposes  no  liability  and  gives  no  benefit. 

Negative 

1.  Substantial  negative  effect  on  a  legitimate  concern. 


2.  Would  create  public  opposition  to  the  plan. 

3.  Would  be  extremely  difficult  to  achieve. 

The  evaluations  of  the  principal  flood  damage  reduction  alternatives 
considered  in  stage  2  are  summarized  in  table  M-ll. 


The  plans  that  affected  four  or  more  assessment  factors  either 
positively  or  negatively  were  considered  to  be  potentially  significant 
from  an  implementability  standpoint.  Some  of  these  and  other  alternatives 
are  discussed  in  further  detail  below. 

Relocation  of  frequently  flooded  structures  (1+/3-)  -  This  alternative 
would  have  some  legal  implementation  problems  because  of  conflicts  with 
town  and  township  authorities.  It  would  serve  the  concerns  of  the  agency 
regarding  floodplain  development  and  environmental  preservation.  This 
alternative  would  not  solve  all  the  flood  problems  of  the  local  area,  but 
could  function  as  a  component  of  an  effective  composite  plan.  Local  per¬ 
ceptions  vary  with  the  area  being  considered.  Factors  affecting  local 
attitudes  include  perception  of  flood  risk,  property  values,  land  use 
type,  and  proportion  of  the  local  community  involved. 

Revised  management  of  Baldhill  Dam  (2+/4~)  -  Although  this  plan  has 
relatively  few  significant  effects,  it  does  have  a  positive  implemen¬ 
tation  value.  The  plan  is  perceived  locally  as  helpful  to  problem 
resolution  and  as  a  partial  solution  to  many  of  the  local  problems  in 
the  upper  portions  of  the  basin.  This  plan  could  serve  to  smooth  the 
implementation  of  a  composite  plan  by  providing  for  the  needs  of  a  portion 
of  the  basin  not  aided  by  most  of  the  major  plan  components.  The  effects 
on  the  Lake  Ashtabula  fishery  and  an  ensured  water  supply  must  be  consid¬ 
ered  in  the  overall  assessment. 

Rural  levees  at  selected  reaches.  Kindred  to  RRN  (0+/ 1-)  -  Conflicts 
would  arise  on  this  alternative  as  a  result  of  overlapping  authorities 
at  the  State,  county,  and  township  levels.  This  conflict  would  adversely 
affect  purposes  other  than  flood  control.  Some  benefits  would  result 
through  protection  of  agricultural  lands,  and  this  plan  would  avoid  the 
equity  problems  of  short  portions  of  levees.  Some  portions  of  the  rural 
levee  system  might  be  worthwhile  in  providing  stopgap  protection  for 
reaches  not  covered  by  major  plan  elements. 
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Levees  and  diversion  around  West  Fargo,  M— 30  to  M-24  (44-/ 1-)  -  Local 
farmers  have  expressed  some  concern  that  this  alternative  would  interfere 
with  the  normal  operation  of  the  drain.  Some  jurisdictional  problems 
might  arise  with  the  county .  Downstream  interests  have  expressed  concern 
that  this  alternative  would  worsen  their  flood  problems.  Apart  from  these 
problems,  the  alternative  has  few  disadvantages  and  meets  major  flood 
damage  reduction  standards. 

Levees  and  diversion  around  West  Fargo,  M-42  to  M-24  (1+/3-)  -  The  major 
difference  between  this  alternative  and  the  M-30  to  M-24  diversion  is 
the  potential  for  minor  increases  in  flood  stages  downstream.  This 
potential  increase  would  reduce  the  distributive  equity  of  and  local 
support  for  the  alternative.  This  alternative  would  also  require  some 
mitigation  measures  which,  iri  turn,  may  disrupt  the  local  area.  When 
combined  with  other  plan  components,  the  downstream  effects  should  be 
minimized. 

Sheyenne  River  diversions,  M-42  to  Wild  Rice  River  (3+/1-),  M-54  to 
Wild  Rice  River  (3+/1-),  and  M-65  to  Wild  Rice  River  (3+/1-)  -  These 
alternatives  are  similar  in  degree  of  implementability.  They  would  add 
to  the  overall  implementability  of  composite  plans  by  providing  flood 
protection  at  low  cost  to  the  natural  environment.  None  would  preclude 
the  development  of  other  purposes.  Obtaining  the  necessary  legal/ 
jurisdictional  authority  would  be  a  minor  legal  problem.  The  potential 
for  adverse  effects  exists  along  the  Wild  Rice  and  Red  Rivers. 

Channelize  Sheyenne  River,  Kindred  to  mouth  (0+/6-)  -  This  plan  would 
be  difficult  to  implement.  Interagency  conflicts  would  arise  as  a  result 
of  effects  on  the  natural  environment.  The  plan  would  allow  little 
possibility  for  development  of  secondary  purpose  benefits  and  would  not 
increase  flood  damage  reduction  enough  to  compensate  for  its  higher 
negative  effects  on  other  valid  concerns. 


Restore  drained  wetlands  (1+/4-)  -  This  alternative  would  require  developing 
new  authorities  for  controlling  wetlands  for  flood  storage.  It  would 
be  heavily  opposed  by  fanning  interests  who  would  not  want  to  give  up 
lands  already  drained  for  agricultural  use.  It  could  be  part  of  a  compos¬ 
ite  plan  by  offering  benefits  that  could  compensate  for  losses  resulting 
from  other  plan  elements. 

Increase  storage  capacity  of  wetlands  (2+/3~)  -  This  alternative  incorpo¬ 
rates  the  positive  aspects  of  the  wetland  restoration  alternative  but 
avoids  some  of  the  impediments  to  implementation  from  legal  constraints 
and  local  opposition.  This  alternative  would  serve  well  as  an  element 
in  a  composite  plan  by  providing  benefits  to  several  purposes  and  partially 
canceling  the  adverse  effects  of  other  plan  elements.  Federal  land 
ownership  would  concern  local  interests. 

Kindred  Dam,  reduced  size  (3+/10-)  -  Because  of  the  extensive  discussion 
and  development  of  this  alternative,  it  shows  the  greatest  number  of 
significant  effects.  This  plan  would  serve  the  major  purpose — flood 
control — to  the  most  acceptable  level  of  all  alternatives  in  the  reach 
below  Kindred.  However,  this  plan  would  negatively  affect  those  who 
would  not  benefit  from  its  operation.  Either  alone  or  as  a  component 
in  a  larger  plan,  this  alternative  would  have  major  implementation 
problems  and  face  a  high  level  of  local  controversy.  Reduction  in  storage 
capacity  is  not  expected  to  reduce  the  negative  impacts  or  improve  local 
attitudes  enough  to  change  the  relative  problems  of  implementation. 

Baldhill  Dam,  up  to  5-foot  raise  (0+/2-)  -  As  an  element  in  a  composite 
plan,  this  alternative  could  provide  greater  protection  for  Valley  City 
And  other  locations.  Local  interest  and  concern  are  sufficient  to  suggest 
that  some  change  at  Baldhill  Dam  would  be  implementable  (i.e.,  revised 
operating  plan  or  a  raise  of  5  feet  or  le,ss).  A  higher  raise  would  be 
difficult  to  develop.  The  major  limiting  factor  would  be  the  impact 
and  extent  of  relocations  of  residences  and  summer  cottages  surrounding 
the  existing  reservoir. 
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Formulation  into  Plans 

On  the  basis  of  the  additional  information  available  in  Appendix  L; 
the  implementability  analysis  described  in  the  preceding  paragraphs; 
the  views  expressed  by  Federal,  State,  and  local  interests;  and  other 
data  and  information  available  on  the  natural  resources  of  the  basin 
and  the  effects  of  the  alternatives,  an  interdisciplinary  team  of  water 
resource  technical  experts  developed  a  set  of  meaningful  flood  damage 
reduction  plans.  The  team  included  specialists  in  hydrology,  hydraulics, 
economics,  forestry,  wildlife  biology,  social  sciences,  real  estate, 
cultural  resources,  and  water  resource  planning.  Their  goal  was  to 
combine  the  various  components  into  plans  that  would  reduce  flood  damages 
to  an  "acceptable"  degree. 

In  the  development  stage,  the  best  combination  of  component  sizes 
of  given  alternatives  was  selected  to  provide  a  plan  with  the  "optimum" 
combination  of  cost  effectiveness,  environmental  quality  considerations, 
social  well-being  considerations,  and  flood  damage  reduction  effective¬ 
ness.  All  the  alternatives  listed  under  "Part  of  the  Existing  and/or 
Future  Base  Condition"  in  Appendix  L  were  considered  as  part  of  the 
base  condition.  Other  alternatives  were  added  to  that  base  condition. 

Central  to  plan  development  was  the  assumption  that  the  urban  area 
of  West  Fargo/Riverside  must  be  a  focal  point  because  it  has  the  greatest 
potential  for  flood  damage,  accounting  for  about  68  percent  of  basin 
damages.  To  relieve  the  flood  problems  at  West  Fargo/Riverside,  local 
protection  or  major  main  stem  reservoir  storage  would  be  key  elements. 
Thus,  the  combination  levees  and  diversion  (M-30  to  M-24)  and  Kindred 
Dam  were  the  key  components  on  which  the  plans  were  based .  Four  plans 
were  developed  from  the  levee  and  diversion  concept:  D-l,  D-2,  D-3, 
and  D-4.  Three  plans  were  developed  from  the  Kindred  Dam  concept: 

K-l,  K-2,  and  K-3.  The  manner  in  which  the  various  alternatives  could 
function  effectively  in  reducing  flood  damages  was  the  major  consideration 
in  adding  the  various  components  to  the  plan.  Thus,  the  two-peak  flooding 
phenomenon  along  the  lower  Sheyenne  River  was  very  important  in  plan 
development. 
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Description  and  Smmary  of  Stage  2  Plans 


The  data  on  and  description  of  the  plans  considered  in  stage  2  and 
discussed  in  the  following  paragraphs  is  as  presented  during  stage  2 
evaluation.  Costs  and  benefits  are  presented  at  October  1978  price  levels. 
The  effects  presented  are  based  on  the  conditions  and  evaluations  avail¬ 
able  or  known  at  that  time.  The  costs,  benefits,  impacts,  etc.,  are  com¬ 
parable  between  these  plans;  however,  they  may  be  significantly  different 
from  the  information  presented  on  the  final  plans. 

Plan  D-l  -  Table  M-12  summarizes  pertinent  information  for  plan 
D-l.  Plate  M-3  shows  the  location  of  the  plan  components.  The  levees 
and  diversion  around  West  Fargo/Riverside  (M-30  to  M-24)  are  the  major 
components  of  the  plan.  In  the  West  Fargo/Riverside  area,  the  plan  would 
reduce  damages  for  the  first  and  second  peaks  on  the  Sheyenne  River  as 
well  as  backwater  effects  from  the  Maple,  Rush,  and  Red  Rivers.  The  diver¬ 
sion  to  the  Wild  Rice  River  (M-54)  is  another  component  of  plan  D-l.  This 
M-54  diversion  was  selected  over  the  other  two  diversions  (M-42  and  M-65) 
because  it  is  more  economically  and  socially  effective.  All  the  diver¬ 
sions  would  reduce  flood  damages  caused  by  the  second  peak  on  the  Sheyenne 
River  because  they  would  not  divert  water  to  the  Wild  Rice  River  when  it 
might  affect  the  peak  stages  on  the  Red  River  at  Fargo.  Flood  peaks  on 
the  Red  River  at  Fargo  usually  coincide  with  the  first  peak  on  the  Sheyenne 
River,  making  diversion  M-54  inoperable  during  this  period. 

Because  of  their  locations  and  ability  to  control  the  first  peak, 
tributary  dams  T-150  and  T-158  were  selected  to  reduce  flood  damages 
from  the  first  peak  of  the  Sheyenne  River  in  those  areas  outside  the 
leveed  area  at  West  Fargo/Riverside  in  the  reach  from  Kindred  to  the 
mouth  of  the  Sheyenne  River.  These  two  dams  were  selected  over  the  T-94 
and  T-240  alternatives  because  they  would  be  more  economical,  environ¬ 
mentally  sound,  and  socially  effective.  They  would  reduce  first  peaks 
from  just  downstream  of  Lisbon  to  the  Red  River;  effects  would  be  most 
pronounced  for  the  more  frequent  floods  in  the  5-  to  10-percent  chance 
recurrence  frequency  range.  However,  the  structures  would  also  reduce 
flood  damages  in  areas  downstream  of  the  mouth  along  the  Red  River  and 
large  floods  in  the  Kindred-West  Fargo  area. 


To  enhance  its  effectiveness  for  first  peak  flooding,  the  plan  may 
include  restoration  of  drained  wetlands,  increasing  the  storage  capacity 
of  existing  wetlands,  and/or  putting  control  structures  on  legal  drains 
from  Baldhill  Dam  to  Kindred.  This  wetland  alternative  would  affect 
the  more  frequent  floods  in  the  same  manner  as  the  tributary  dams.  How¬ 
ever,  the  combination  of  these  elements  and  the  tributary  dams  would  pro¬ 
vide  notably  reduced  flood  stages. 

Revised  management  and/or  a  raise  of  Baldhill  Dam  (up  to  5-feet) 
was  added  to  reduce  flood  levels  at  Valley  City  and  help  control  the 
second  peak  from  Baldhill  Dam  to  the  Red  River. 

In  summary,  plan  D-l  addresses  first  peak  flooding  along  the  Shey- 
enne  River  from  the  mouth  to  near  Lisbon  with  the  levees  and  diversion 
around  West  Fargo /Riverside  (M-30  to  M-24),  tributary  dams  T-150  and  T-158, 
and  wetland  restoration.  Second  peak  flooding  from  the  mouth  to  Baldhill 
Dam  would  be  reduced  by  the  levees  and  diversion  around  West  Fargo  (M-30 
to  M-24),  diversion  M-54  to  the  Wild  Rice  River,  and  revised  management 
and/or  raise  of  Baldhill  Dam  (up  to  5-feet).  As  shown  in  table  H-12  (at 
October  1978  price  levels  and  conditions),  the  total  cost  could  range 
from  $24.5  to  $44.5  million;  the  average  annual  cost  would  range  from 
$2.1  to  $2.9  million. 

Total  benefits  would  range  from  $3.11  to  $3.49  million,  resulting  in 
a  benefit-cost  ratio  of  1.2  to  1.5.  Most  of  these  benefits  are  attribut¬ 
able  to  the  levees  and  diversion  around  West  Fargo /River side,  although 
potential  recreation  benefits  could  be  added  at  the  tributary  dams.  The 
Baldhill  Dam  alternative  would  involve  the  largest  possible  number  of  re¬ 
locations,  while  the  wetlands  alternative  would  require  acquisition  of 
the  largest  number  of  acres  of  land  for  implementation.  This  plan  as  a 
whole  would  reduce  total  Sheyenne  River  flood  damages  49  to  55  percent. 
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Plan  D-2  -  Plan  D-2  is  sunsnarized  in  table  M-13.  Plan  D-2,  although 
similar  to  plan  D-l,  includes  no  storage  of  flood  flows.  Plan  D-2  is  a 
diversion-based  plan  with  the  levees  and  diversion  around  West  Fargo/ 
Riverside  (M-30  to  M-24)  as  its  major  component.  The  location  of  the 
plan  components  is  shown  on  Plate  M-4. 
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T«bl«  M-13  SUMMARY  OF  PLAN 


The  diversion  from  Horace  to  West  Fargo  (M-42  to  M-30)  is  another 
component  of  plan  D-2.  This  diversion  was  selected  over  the  diversions 
to  the  Wild  Rice  River  because  it  would  reduce  damages  during  both 
Sheyenne  River  flood  peaks  in  the  area  between  Horace  and  West  Fargo, 
whereas  the  Wild  Rice  diversions  would  not.  Together,  these  two  com¬ 
ponents  would  reduce  flood  damages  along  the  Sheyenne  River  from  Horace 
(M-42)  downstream  to  below  the  West  Fargo/Riverside  area  (M-24)  for 
both  peaks. 

Individual  ring  levees  at  farmsteads  and  residences  were  included 
in  the  plan  to  reduce  flood  damages  along  the  Sheyenne  River  at  areas 
downstream  of  West  Fargo/Riverside  and  between  Horace  and  Kindred. 

The  ring  levees  would  reduce  damages  during  both  peaks  and  provide  good 
localized  protection  from  up  to  the  1-percent  chance  flood. 

To  provide  some  additional  reduction  of  flood  damages  at  Valley 
City,  revised  management  of  Baldhill  Dam  was  included.  The  revised 
management  alternative  would  affect  second  peak  flooding  along  the 
Sheyenne  River  from  Baldhill  Dam  to  the  Red  River.  Because  revised 
management  of  Baldhill  Dam  would  not  provide  a  high  degree  of  flood 
protection  at  Valley  City,  relocation  of  frequently  flooded  residences 
at  Valley  City  was  included  to  provide  positive  protection  for  those 
most  affected  by  flooding  in  Valley  City.  The  relocation  at  Valley 
City  would  include  those  residences  that  would  have  first-floor  flood¬ 
ing  from  a  10-percent  chance  flood. 

In  summary,  plan  D-2  addresses  first  and  second  peak  flooding  along 
the  Sheyenne  River  from  Kindred  to  the  mouth  with  the  levees  and  diver¬ 
sion  around  West  Fargo/Riverside  (M-30  to  M-24) ,  diversion  from  Horace 
to  West  Fargo  (M-42  to  M-30) ,  and  the  ring  levees  at  farmsteads  and  resi¬ 
dences  from  Kindred  to  Horace  and  from  West  Fargo  to  the  mouth.  Second 
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peak  flooding  is  addressed  with  the  revised  management  of  Baldhill  Dam 
The  relocation  of  frequently  flooded  residences  at  Valley  City  would  en¬ 
hance  the  plan  by  protecting  residences  from  up  to  the  10-percent  chance 
flood  at  Valley  City.  As  shown  in  table  M-13  (at  October  1978  price 
levels  and  evaluation  conditions),  the  total  cost  of  plan  D-2  would 
range  from  $24  to  $39.5  million,  with  an  average  annual  cost  of  $2.28 
million.  The  annual  benefits  provided  by  this  plan  are  estimated  at 
$3.6  million,  resulting  in  a  benefit-cost  ratio  of  1.6  and  net  benefits 
of  $1.32  million.  As  in  plan  D-l,  most  of  these  benefits  are  attribut¬ 
able  to  the  levees  and  diversion  around  West  Fargo/Riverside  alternative. 

The  relocation  alternative  at  Valley  City  would  involve  the  largest  num¬ 
ber  of  relocations,  while  the  levees  and  diversion  alternative  would  re¬ 
quire  acquisition  of  the  largest  number  of  acres  of  land  for  implementation. 

Plan  D-3  -  Plan  D-3  is  summarized  in  table  M-14.  It  is  based  on  use 
of  the  levees  and  diversion  at  West  Fargo/Riverside  supplemented  by  flood 
storage  at  Baldhill  Dam  and  other  smaller  structures.  A  significant  in¬ 
crease  in  the  storage  at  Baldhill  Dam  would  help  control  the  second  peak 
along  the  entire  Sheyenne  River  and  provide  a  high  degree  of  protection 
at  Valley  City.  This  increase  would  provide  major  flood  stage  re¬ 
ductions  to  areas  outside  the  West  Fargo/Riverside  area.  A  5-  to  15- 
foot  raise  would  increase  flood  control  storage  at  Baldhill  Dam  30,000 
to  150,000  acre-feet,  effectively  doubling  or  quadrupling  the  storage 
now  available.  The  location  of  the  plan  components  is  shown  in  Plate 
M-5. 
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Tributary  dams  T-150  and  T-158  were  added  because  of  their  relative 
effectiveness  in  reducing  the  first  peak,  especially  in  the  areas  down¬ 
stream  of  Kindred.  Although  the  dams  would  provide  some  reductions  of 
large  floods,  they  would  be  most  effective  for  floods  in  the  5-  to  10- 
percent  chance  range.  They  would  also  have  some  beneficial  effects  along 
the  Red  River  downstream  from  the  mouth  of  the  Sheyenne  River. 

To  supplement  the  reduction  of  the  first  peak  by  tributary  dams 
along  the  Sheyenne  and  Red  Rivers,  the  plan  includes  the  restoring 
of  drained  wetlands,  increases  in  the  storage  capacity  of  existing  wet¬ 
lands,  and/or  control  structures  on  legal  drains  from  Baldhill  Dam  to 
Kindred.  The  wetland  alternative  addresses  the  more  frequent  floods  in 
the  same  manner  as  the  tributary  dams. 

In  summary,  plan  D-3  addresses  first  peak  flooding  along  the 
Sheyenne  River  from  the  mouth  to  near  Lisbon  with  the  levees  and  diver¬ 
sion  around  West  Fargo/Riverside  (M-30  to  M-24) ,  tributary  dams  T-150 
and  T-158,  and  wetland  restoration.  Second  peak  flooding  along  the 
Sheyenne  River  from  Baldhill  Dam  to  the  mouth  is  addressed  with  the  levees 
and  diversion  around  West  Fargo/Riverside  (M-30  to  M-24)  and  the  5-  to 
15-foot  raise  of  Baldhill  Dam.  As  shown  in  table  M-14  (at  October  1978 
price  levels  and  evaluation  conditions) ,  the  total  cost  would  range  from 
$28.5  to  $57.5  million  and  the  average  annual  cost  from  $410,000  to 
$590,000.  The  total  benefits  would  range  from  $3.33  to  $3.76  million, 
resulting  in  a  benefit-cost  ratio  between  1.0  and  1.3.  Most  of  the 
benefits  are  attributable  to  the  levees  and  diversion.  Recreation  bene¬ 
fits  could  be  added  by  including  recreational  development  with  the 
levees  and  diversion  and  tributary  dams.  The  Baldhill  Dam  raise  would 
involve  the  largest  number  of  relocations,  and  the  wetland  alternative 
would  require  acquisition  of  the  largest  number  of  acres  of  land. 
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Plan  D-4  -  Plan  D-4  is  sumnarized  in  table  M-15.  It  is  similar 
to  the  other  levee  and  diversion  based  plans  except  that  it  incorpor¬ 
ates  channelization  from  Kindred  to  West  Fargo  and  ring  levees  at 
individual  farmsteads  and  residences  from  West  Fargo  to  the  mouth. 

The  levees  and  diversion  around  West  Fargo/Riverside  (M-30  to  M-24) 
are  again  the  major  components,  reducing  flood  damages  for  both  peaks 
of  the  Sheyenne  River  floods  as  well  as  the  backwater  effects  from 
the  Maple,  Rush,  and  Red  Rivers.  The  channelization  of  the  Sheyenne 
River  would  involve  channel  enlargement  and/or  channel  straightening 
and  would  address  both  the  first  and  second  peaks.  Tributary  dams 
T-150  and  T-158  were  added  because  of  their  first  peak  reductions.  The 
location  of  plan  components  is  shown  on  plate  M-6. 
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To  supplement  the  tributary  dams,  the  wetland  alternative  was 
added  to  reduce  first  peak  flood  damage  along  the  Sheyexwe  and  Red 
Rivers.  The  wetland  alternative  involves  restoring  drained  wetlands, 
increasing  the  storage  capacity  of  existing  wetlands,  and/or  putting 
control  structures  on  legal  drains  from  Baldhill  Dam  to  Kindred.  This 
alternative  would  address  the  more  frequent  floods  in  the  same  manner 
as  the  tributary  dams. 

The  ring  levees  at  farmsteads  and  residences  from  West  Fargo  to 
the  mouth  were  added  to  reduce  damages  for  both  peaks  in  this  down¬ 
stream  area.  Although  the  wetlands  and  tributary  dams  would  reduce 
flood  levels  in  areas  north  of  West  Fargo,  the  channelization  would 
tend  to  worsen  flood  problems  in  the  same  area.  The  flood  threat  in 
areas  north  of  West  Fargo  would  still  be  substantial  even  though  the 
net  effect  would  be  reduced.  Thus,  the  ring  levees  could  provide  a 
degree  of  flood  protection  in  this  area. 

Revised  management  of  Baldhill  Dam  was  added  to  provide  some  addi¬ 
tional  flood  level  reductions  at  Valley  City  and  Lisbon. 

As  shown  in  table  It- 15,  the  total  cost  would  range  from  $38  to 
$64.5  million.  The  average  annual  cost  would  be  $3.76  million.  Total 
benefits  are  $3.98  million,  resulting  in  a  benefit-cost  ratio  of  1.1. 
Most  of  the  benefits  are  attributable  to  the  levees  and  diversion 
around  West  Fargo/Riverside.  Some  recreation  benefits  may  be  added 
by  including  recreation  development  at  the  levee  and  diversion  and  the 
tributary  dams.  The  wetland  alternative  would  require  the  acquisition 
of  the  largest  number  of  acres  of  land. 

Plan  K— 1  -  Pertinent  information  for  plan  K-l  is  summarized  in 
table  M-16.  Plan  K-l  involves  near  site  capacity  flood  control  develop¬ 
ment  at  the  Kindred  site.  With  360,000  acre-feet  of  flood  control  at 
the  Kindred  site,  flood  damages  can  be  reduced  for  the  first  and  second 


peaks  along  the  Sheyenne  River  from  the  damalte  to  the  mouth.  Flood 
damage  can  also  be  reduced  along  the  Red  River  downstream  from  the 
mouth  of  the  Sheyenne  River.  The  location  of  plan  components  is  shown 
on  Plate  M-7. 
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SUMMARY  OF  PLAN  K-l 
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Revised  operation  of  Baldhill  Dam  was  considered  to  allow  for 
greater  drawdowns  in  the  spring  to  provide  additional  flood  protection 
at  Valley  City  and  Lisbon.  As  shown  in  table  M-16  (at  October  1978 
price  levels  and  evaluation  conditions),  the  total  first  cost  would 
range  from  $45  to  $55  million.  The  average  annual  cost  would  be  $4.0 
million.  The  total  benefits  would  be  $4.5  million,  resulting  in  a 
benefit-cost  ratio  of  1.1.  Almost  all  the  benefits  are  attributable 
to  Kindred  Dam.  Although  this  plan  calls  for  a  dry  dam  used  exclusively 
for  flood  control  storage,  a  small  permanent  pool  could  be  added  with¬ 
out  reducing  the  flood  control  effectiveness.  With  a  permanent  pool, 
the  potential  for  recreation  and  water  supply  benefits  exists. 

Plan  K— 2  —  A  summary  of  pertinent  information  for  plan  K— 2  is 
contained  in  table  M-17.  Plan  K-2  is  based  on  a  reduced-size  flood 
control  reservoir  at  the  Kindred  site.  The  storage  capacity  of  180,000 
acre— feet  would  reduce  flood  damage  for  both  the  first  and  second  peaks 
along  the  Sheyenne  River  from  the  damsite  to  the  mouth.  Flood  damage 
could  also  be  reduced  along  the  Red  River;  however,  most  of  the  bene¬ 
fits  would  accrue  downstream  from  the  mouth  of  the  Sheyenne  River.  The 
location  of  plan  components  is  shown  on  Plate  M-8. 


Table  M-17  SUMMARY  OF  PLAN 
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Because  of  the  reduced  storage  capacity,  the  magnitude  and  volume 
of  the  second  peak  coming  from  above  Baldhill  Dam  become  increasingly 
important.  Therefore,  a  5-  to  15-foot  raise  of  Baldhill  Dam  was  added 
to  provide  an  additional  30,000  to  105,000  acre-feet  of  flood  control 
storage.  This  raise  would  reduce  flood  damages  caused  by  the  second 
peak  of  Sheyenne  River  floods  from  Baldhill  Dam  to  the  Red  River.  This 
magnitude  of  raise  would  be  very  effective  at  Valley  City. 

A  diversion  from  the  Maple  to  the  Red  River  was  added  to  further 
reduce  flood  damages  along  the  Sheyenne  River  in  the  area  downstream  of 
West  Fargo.  This  alternative  would  divert  up  to  3,000  cfs  of  Maple  River 
flood  flows  away  from  the  Sheyenne  River  to  the  Red  River,  thus  reducing 
flood  stages  along  the  Sheyenne  River  from  the  mouth  of  the  Maple  River 
to  the  Red  River.  The  diversion  would  also  reduce  the  effects  on  flood 
levels  in  the  West  Fargo/Riverside  area  caused  by  backwater  from  the 
Maple  and  Red  Rivers. 

As  shown  in  table  M-17  (at  October  1978  price  levels  and  evaluation 
conditions) ,  the  total  first  cost  would  range  from  $65  to  $103  million. 

The  average  annual  cost  would  range  from  $5.8  to  $7.0  million.  The  total 
benefits  would  range  from  $4.06  to  $5.44  million,  resulting  in  a  benefit- 
cost  ratio  from  0.7  to  0.8.  Most  of  the  benefits  are  attributable  to  the 
Kindred  Dam  as  well  as  the  potential  for  recreation  and  water  supply 
development.  The  Kindred  Dam  would  require  acquisition  of  the  largest 
number  of  acres  of  land.  The  Baldhill  Dam  raise  would  involve  the  largest 
number  of  relocations. 

Plan  K-3  —  Plan  K-3  is  summarized  in  table  M-18.  It  involves  a  reduced- 
size  flood  control  storage  capacity  of  180,000  acre-feet  at  Kindred  Dam,  as 
described  in  plan  K-2.  However,  a  diversion  to  the  Wild  Rice  River  and 
revised  management  of  Baldhill  Dam  to  alleviate  flood  damage  along  the 
Sheyenne  River  are  also  included.  The  location  of  plan  components  is 
shown  on  Plate  M-9 . 
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SUMMARY  OF  PLAN 


The  storage  capacity  at  the  Kindred  site  would  reduce  flood  damages 
for  both  the  first  and  second  peaks  along  the  Sheyenne  River.  It  would 
also  reduce  flood  damage  along  the  Red  River.  However,  since  the  mag¬ 
nitude  and  volume  of  the  second  peak  would  significantly  reduce  the 
effectiveness  of  a  reduced-size  Kindred  Dam,  the  diversion  to  the  Wild 
Rice  River  (M-65)  with  connecting  levees  from  the  dam  to  the  inlet  of 
the  diversion  was  added  to  allow  for  more  versatile  operation  of  Kindred 
Dam.  This  combination  of  Kindred  Dam,  rural  levees,  and  diversion  chan¬ 
nel  allows  the  Baldhill  Dam  alternative  to  be  limited  to  revised  manage¬ 
ment  to  provide  protection  mainly  for  Valley  City.  Also,  this  combina¬ 
tion  would  allow  higher  releases  from  Kindred  Dam  on  the  recession  side 
of  the  Red  River  flood  peak. 

As  shown  in  table  M-18  (at  October  1978  price  levels  and  evaluation 
conditions) ,  the  total  first  cost  would  range  from  $42  to  $54  million. 

The  average  annual  cost  would  be  $3.59  million.  The  total  benefits  would 
be  $4.3  million,  resulting  in  a  benefit-cost  ratio  of  1.2.  With  the  addi¬ 
tion  of  a  permanent  pool,  recreation  and  water  supply  benefits  could  be 
achieved  at  Kindred  without  any  noticeable  effect  on  the  flood  control 
effectiveness.  The  Kindred  Dam  would  require  a  large  number  of  acres 
of  land  and  a  large  number  of  relocations. 

Plan  K-3  offers  significant  advantages  over  plans  K-l  and  K-2  by 
requiring  fewer  acres  of  land  and  relocations  and  significant  reduc¬ 
tions  in  the  duration  of  floodwater  storage.  It  would  still  provide 
about  the  same  level  of  protection.  The  reduction  in  storage  duration 
is  not  reflected  in  the  mitigation  land  requirement  in  table  M-18; 
incorporating  these  reduced  durations  should  reduce  the  mitigation  land 
required.  The  releases  from  Kindred  Dam  and  operation  of  the  diversion 
would  be  coordinated  so  that  peak  stages  on  the  Red  River  would  not  be 
increased  over  natural  conditions. 
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COMPARISON  OF  PLANS  AND  PLAN  SELECTION 


The  seven  stage  2  plans  were  compared  for  their  relative  contribu¬ 
tions  to  reducing  flood  damages,  ability  to  improve  the  economic  and  social 
well-being  of  the  Nation  and  the  region,  potential  for  adverse  social  and 
environmental  effects,  potential  for  addition  of  other  purposes  to  meet 
other  needs  in  the  basin,  and  potential  for  precluding  the  meeting  of 
other  objectives.  A  summary  (at  October  1978  price  levels  and  evaluation 
conditions)  of  the  relative  merits  of  the  seven  plans  is  given  in  table  M-19. 

Identification  of  the  plans  or  plan  components  that  should  be  studied 
further  started  by  looking  at  the  levee  and  diversion  ("D")  plans  and 
identifying  which  had  the  greatest  probability  of  being  implemented 
and/or  delivering  the  greatest  amount  of  desirable  outputs.  A  sim¬ 
ilar  rationale  was  used  in  comparing  the  Kindred  Dam  ("K")  plans  to 
identify  which  would  be  most  desirable.  As  a  result  of  the  comparison/ 
selection  process,  plans  D-3,  D-4,  K-l,  and  K-2  were  recommended  to  be 
dropped  and  plans  D-l,  D-2,  and  K-3  were  recommended  for  further  study. 

The  rationale  for  keeping  or  dropping  the  plans  was  based  on  the  merits 
of  the  individual  plans  as  well  as  comparison  with  other  plans.  A 
summary  of  the  plans  and  the  rationale  for  their  elimination  from  or 
selection  for  further  study  as  presented  in  the  stage  2  report  is  summarized 
in  table  M-20. 
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Table  M-20  -  Summary  of  recommendations  in  Stage  2  Working  Papers  Report 


Plan 

Summary  rationale 

Plans  dropped 

D-3 

The  major  raise  of  Baldhill  Dam  (greater  than  5  feet) 
as  the  principal  means  of  controlling  the  second  peak 
in  the  lower  basin  appears  to  have  greater  negative 
aspects  than  benefits.  With  the  large  social  impacts, 
it  may  be  difficult  to  implement. 

D-4 

The  channelization  of  the  lower  Sheyenne  River  as  the 
main  secondary  element  would  have  major  environmental 
impacts.  Because  it  could  worsen  downstream  flooding, 
it  generally  has  a  lack  of  support. 

K-l 

A  full-sized  Kindred  Dam,  which  is  the  only  component 
of  the  plan,  would  have  major  adverse  environmental 
and  relocation  impacts.  Release  rates  would  be  fairly 
restricted  because  of  the  limited  channel  capacity  of 
the  Sheyenne  River,  requiring  retention  of  the  flood- 
waters  in  the  reservoir  for  long  periods  of  time. 
Opposition  to  this  plan  is  significant. 

K-2 

A  reduced-size  Kindred  Dam  and  a  major  raise  of  Bald- 
hill  Dam  bring  significant  opposition  to  two  components 
of  this  plan.  Major  durations  of  retention  of  flood- 
waters  would  still  cause  potential  major  adverse  en¬ 
vironmental  effects. 

Plans  warranting 
further  study 

D-l 

This  plan  would  provide  widespread  benefits  with  rela¬ 
tively  minor  social  and  environmental  impacts.  It 
would  also  provide  opportunities  for  inclusion  of 
other  purposes  without  precluding  other  planning 
objectives. 

D-2 

This  plan  would  provide  widespread  benefits.  Although 
several  components  of  this  plan  are  generally  supported, 
they  may  be  difficult  to  implement.  Flood  damage  re¬ 
duction  can  be  provided  in  a  cost-effective  manner 
with  minor  adverse  environmental  effects  and  net 
social  benefits. 

K-3 

This  plan  would  provide  a  high  degree  of  flood  protec¬ 
tion  over  a  wide  area.  The  diversion  would  allow 
higher  releases  from  the  reservoir,  thus  reducing  the 
environmental  impacts  of  the  storage  by  shortening 
the  period  of  retention. 
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PLANS  TO  BE  DROPPED 


On  the  basis  of  conclusions  reached  in  stage  2,  the  following  plans 
were  recommended  to  be  dropped  from  further  study  in  the  Stage  2  Working 
Papers  Report. 

Plan  D-3 


The  concept  of  coupling  the  levees  and  diversion  with  a  major  raise 
of  Baldhill  Dam  and  other  features  would  rely  on  the  additional  flood  con¬ 
trol  storage  in  Baldhill  Dam  to  provide  protection  from  the  second  peak 
along  the  lower  Sheyenne  River  from  Kindred  to  West  Fargo  and  to  provide 
a  higher  degree  of  protection  at  Valley  City.  Valley  City  residents 
have  not  expressed  interest  in  having  a  high  degree  of  flood  protection. 

They  believe  an  improved  level  of  flood  protection  is  necessary,  but  not 
such  a  high  level  that  it  causes  major  adverse  social  impacts  in  their 
area.  Raises  of  Baldhill  Dam  greater  than  5  feet  would  cause  large  numbers 
of  relocations,  much  land  acquisition,  and  high  costs.  As  the  level  of 
the  proposed  raise  of  Baldhill  Dam  increases,  the  level  of  opposition  in¬ 
creases  and  little  additional  support  can  be  found  among  those  who  would 
benefit.  Comparable  protection  of  the  Kindred  to  West  Fargo  area  could 
be  provided  by  plans  D-l,  D-2,  and  K-3  with  a  greater  distributive  equity, 
placing  the  adverse  impacts  more  upon  the  beneficiaries.  The  net  benefits 
for  higher  raises  of  Baldhill  Dam  decrease  to  the  point  where  raises  greater 
than  15  feet  become  uneconomical  from  the  standpoint  of  flood  protection. 
This  plan  is  recommended  to  be  dropped  in  favor  of  plans  D-l,  D-2,  and  K-3. 

Plan  D-4 


The  concept  of  using  channelization  of  the  lower  Sheyenne  River  from 
Kindred  to  West  Fargo  to  provide  protection  for  this  reach  and  extend  the 
area  of  protection  upstream  of  the  basic  levee  and  diversion  component  at 
West  Fargo /Riverside  would  have  many  disadvantages.  The  channelization 
would  provide  protection  in  this  reach  from  both  the  first  and  second  peaks; 
however,  in  doing  so  it  would  also  tend  to  keep  more  flow  in  the  river 
channel,  which  could  worsen  downstream  flood  conditions.  Tributary  dams 
T-150  and  T-158  and  the  restoration  of  wetlands  would  be  used  to  Increase 
the  level  of  protection  in  the  Kindred  to  West  Fargo  reach  and  reduce  flood 
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stages  downstream  of  West  Fargo,  including  offsetting  any  increases 
induced  by  the  channelization.  One  of  the  major  disadvantages  would 
be  the  environmental  losses.  Downstream  of  Kindred,  the  only  continuous 
tracts  of  woodland  are  found  immediately  adjacent  to  the  river.  Chan¬ 
nelization  would  disturb  a  significant  portion  of  this  riparian  woodland. 
This  plan  is  recommended  to  be  dropped  in  favor  of  plans  D-l,  D-2, 
and  K-3. 

Plan  K-l 


The  full-size  Kindred  Dam,  which  would  essentially  develop  the  site 
to  its  maximum  potential  for  construction  of  a  dam  and  reservoir,  would 
have  major  adverse  social  and  environmental  consequences.  A  major  portion 
of  the  woodland  habitat  of  the  lower  basin  would  be  affected.  A  segment 
of  the  Sheyenne  River  having  potential  as  a  scenic  or  recreational  river 
would  be  affected.  A  large  number  of  relocations  would  be  required  and 
36,000  acres  of  land  would  be  acquired.  In  spite  of  the  high  level  and 
wide  dispersion  of  the  benefits,  this  plan  is  recommended  to  be  eliminated 
In  favor  of  plans  D-l,  D-2,  and  K-3. 

Plan  K-2 


Reducing  flood  control  storage  at  the  Kindred  Dam  site  by  one-half  and 
constructing  a  major  raise  of  Baldhill  Dam  to  offset  this  reduction  would 
make  the  environmental  and  land  acquisition  impacts  of  this  plan  less 
than  those  of  plan  K-l.  However,  a  greater  number  of  families  would  be 
affected  by  relocations.  The  diversion  of  the  Maple  River  to  the  Red 
River  would  help  increase  the  level  of  protection  in  the  lower  reaches 
of  the  Sheyenne  River  downstream  of  West  Fargo,  but  it  would  not  lessen 
the  impacts  of  the  other  two  components.  The  major  raise  of  Baldhill  Dam 
appears  to  have  little  support  among  those  who  would  benefit.  This  plan 
is  recommended  to  be  dropped  in  favor  of  plans  D-L,  D-2,  and  K-3. 
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PLANS  WARRANTING  FURTHER  STUDY 


Of  the  plans  considered  in  stage  2,  the  following  were  recommended 
in  the  Stage  2  Working  Papers  Report  for  further  study. 

Plan  D-l 


This  plan  would  reduce  flood  damages  in  all  reaches  of  the  Sheyenne 
River,  protect  to  high  levels  at  West  Fargo/Riverside,  and  protect  to  a 
moderate  degree  in  the  other  areas.  The  storage  provided  by  the  tributary 
dams,  wetland  storage,  and  modification  of  Baldhill  Dam  would  detain  the 
floodwaters,  releasing  them  at  a  later  time.  The  diversion  to  the  Wild 
Rice  River  would  use  the  extra  capacity  of  the  Red  River  to  provide  re¬ 
lief  along  the  Sheyenne  River,  which  has  very  limited  capacity.  Although 
the  river  stages  along  the  Wild  Rice  and  Red  Rivers  would  be  kept  at  high 
levels  slightly  longer  than  normal,  this  increase  in  duration  is  not  expec¬ 
ted  to  cause  any  major  adverse  impacts.  This  plan  would  have  benefits 
in  excess  of  costs  and  relatively  minor  adverse  social  and  environmental 
impacts.  Therefore,  this  plan  is  recommended  for  further  consideration. 

Plan  D-2 


This  plan  would  provide  widespread  benefits  without  the  use  of  stor¬ 
age.  Its  components  are  basically  local  protection  works.  Flood  flows 
would  not  be  noticeably  altered,  except  to  a  small  degree,  by  the  revised 
management  of  Baldhill  Dam  and  the  diversion  from  Horace  to  West  Fargo. 
Major  economic  damages  and  social  disruptions  would  be  prevented  by  this 
plan.  However,  the  large  flood-prone  areas  north  of  West  Fargo,  from 
Kindred  to  Horace,  and  upstream  of  Kindred  would  still  be  flooded.  This 
plan  would  have  relatively  few  adverse  social  and  environmental  effects. 
Most  of  the  adverse  effects  would  be  incurred  by  the  plan's  beneficiaries. 
The  relocation  of  structures  from  a  portion  of  the  Valley  City  floodplain 
would  have  the  greatest  social  impacts  of  the  plan  components.  This  plan 


offers  many  advantages  over  the  other  plans;  however.  It  also  has  some 
potential  drawbacks  from  local  sponsor  viewpoints;  namely,  impacts  are 
located  in  the  benefit  area.  This  plan  is  recommended  for  further 
consideration. 

Plan  K-3 


This  plan  would  provide  a  high  degree  of  flood  protection  in  areas 
downstream  of  Kindred  Dam,  and  its  benefits  would  exceed  its  costs. 

Its  adverse  environmental  and  social  impacts  would  be  less  than  those 
of  plans  K-l  and  K-2;  however,  they  would  still  be  significant.  Over 
33  relocations  and  over  20,000  acres  of  land  acquisition  would  be  re¬ 
quired.  The  plai:  would  reduce  flood  damages  along  the  Red  River  and 
would  offer  opportunities  to  add  water-based  recreation  and  water  supply 
purposes.  However,  the  adverse  effects  on  the  environmental  setting 
would  be  major,  and  the  effects  on  the  scenic  potential  of  this  reach 
of  river  must  be  considered  in  the  final  decision  on  this  plan.  This 
plan  is  recommended  for  further  consideration. 

STAGE  2  WORKING  PAPERS  REPORT 

CONCLUSIONS  PRESENTED  IN  THE  STAGE  2  REPORT 

The  following  conclusions  were  presented  in  the  Stage  2  Working  Papers 
Report  which  was  distributed  for  agency  and  public  review  and  comment  in 
1980. 


1.  Joint-coordinated  actions  by  Federal,  State,  and  local  agencies  - 
For  any  plan  to  be  effective  in  resolving  the  problems  associated  with 
flooding  in  the  basin,  the  effort  to  address  the  issues  and  solutions 
must  be  fully  coordinated  among  Federal,  State,  and  local  agencies.  The 
magnitude  and  extent  of  the  problem  require  the  commitment  of  resources 
that  exceed  the  capability  of  the  State  and  local  interests  to  analyze 
the  problems  and  Implement  solutions  to  these  problems.  Although  Federal 
agencies  can  provide  the  resources  to  analyze  problems  and  implement 
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some  elements  of  the  possible  solutions,  they  do  not  have  the  authority 
to  implement  many  of  the  elements  needed  to  make  any  effective  long- 
range  plan  function.  Commitments  are  required  by  all  three  levels  to 
resolve  the  issues.  Failure  by  any  one  of  the  levels  will  result  in 
either  complete  failure  of  the  plan  or,  at  best,  implementation  of 
an  incomplete  plan. 

2.  Essential  elements  of  any  plan  -  Several  elements  of  any 

plan  being  developed  for  the  basin  must  be  considered  as  basic  components 
to  prevent  future  increases  of  flood  damage  potential  and  ensure  the 
viability  of  any  comprehensive  flood  damage  reduction  plan.  These  com¬ 
ponents  include  existence  and  enforcement  of  floodplain  zoning  and  regula¬ 
tions,  availability  of  flood  insurance  in  flood-prone  areas,  control  of 
private  levee  construction,  and  continuation  and  enforcement  of  existing 
drainage  laws. 

The  floodplain  regulations  and  zoning  should  be  used  to  ensure  that 
future  construction  in  flood-prone  areas  is  consistent  with  true  flood 
risk  and  will  not  require  corrective  action.  Flood  insurance  should  be 
available  for  existing  structures  in  flood-prone  areas  to  assist  in 
minimizing  losses.  Future  construction  in  flood-prone  areas  should 
also  have  flood  insurance  available  at  the  full  and  true  cost  of  such  in¬ 
surance.  A  control  system  should  be  established  for  private  levee  con¬ 
struction  that  would  minimize  the  adverse  effects  of  levees  on  flood  levels 
on  other  properties.  The  regulation  of  drainage  must  be  enforced  to  en¬ 
sure  that  any  future  drainage  does  not  worsen  flood  conditions.  Floodplain 
regulations,  drainage  regulation,  and  control  of  private  levees  require 
involvement  and  implementation  by  State  and  local  interests. 

3.  Any  comprehensive  plan  should  include  either  the  Kindred  Dam  or 
local  protection  in  the  West  Fargo  area  -  In  addition  to  measures  taken 

to  ensure  that  future  flood  damage  potential  is  not  worsened,  a  comprehen¬ 
sive  plan  must  significantly  reduce  flood  damage  potential  of  existing 
flood-prone  structures.  A  comprehensive  plan  for  the  Sheyenne  River  basin 
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should  include  either  the  Kindred  Dam  or  local  protection  at  West 
Fargo/ Riverside  as  the  key  component  of  the  plan.  The  West  Fargo/ 
Riverside  area,  the  major  urban  center,  sustains  the  majority  of 
potential  flood  damages  and  is  subject  to  flooding  from  two  peaks  on 
the  Sheyenne  River  and  the  backwater  effects  of  the  Maple,  Rush,  and 
Red  Rivers.  Upstream  reservoir  storage  would  require  a  dam  at  the  closest 
point  to  the  damage  to  be  able  to  control  both  peaks  and  during  the  first 
peak  to  be  able  essentially  to  reduce  the  flow  to  zero.  This  reservoir 
location  would  be  near  the  Kindred  Dam  site.  If  major  upstream  reser¬ 
voir  storage  is  not  used,  some  form  of  levee  protection  must  be  used 
at  West  Fargo/Riverside.  The  most  cost-effective  and  least  disruptive 
levee  plan  identified  consists  of  the  combination  of  levees  and  diversion 
channel  around  West  Fargo/Riverside.  Other  components  could  be  added 
to  provide  a  plan  that  reduces  flood  damages  over  larger  areas  of  the 
basin. 


4.  Many  potential  combinations  of  alternatives  have  been  considered  - 
The  seven  comprehensive  plans  for  flood  damage  reduction  presented  in  the 
stage  2  report  represent  the  most  effective  combinations  of  alternatives 

to  reduce  flood  darages  in  the  basin.  Plans  D-l,  D-2,  and  K-3  appear 
to  warrant  further  consideration.  The  components  are  somewhat  inter¬ 
changeable  between  plans  and  some  may  be  added  or  deleted. 

5.  Opportunities  to  meet  other  water  management  purposes  and  needs 
could  be  considered  in  conjunction  with  the  plans  carried  for  further 
evaluation  -  At  this  point,  meeting  other  needs  does  not  appear  to  be  an 
overriding  factor  in  plan  selection.  Plan  selection  would  be  based  primarily 
on  the  capability  of  the  plan  to  reduce  flood  damages.  Project  features 
should  be  added  to  any  plan,  where  appropriate,  to  meet  other  objectives 
(such  as  water  supply,  water  quality,  and  recreation). 
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6.  The  selection  of  the  plan  to  be  recommended  for  Implementation 
should  be  based  on  the  overall  merit  of  the  plan  -  Whereas  the  opposition 
for  a  plan  will  be  presented  and  publicly  discussed,  the  support  for  a  plan 
may  or  may  not  be  publicly  presented.  The  adverse  aspects  of  a  plan  must 
be  presented,  addressed,  and  minimized  to  the  extent  practicable  during 
the  decision-making  process. 

7.  Non— Federal  interests  would  be  able  to  more  effectively  imple¬ 
ment  their  portions  of  an  overall  water  management  plan  if  they  had  juris¬ 
diction  over  the  entire  watershed  -  Water  resource  districts,  which  are 
generally  organized  on  a  county  basis,  have  little  incentive  to  consider 
upstream  or  downstream  interests  outside  of  their  area  of  jurisdiction 
in  their  decisions.  Although  the  potential  for  adverse  effects  downstream 
may  be  considered,  potential  projects  that  are  beneficial  to  other  areas 
are  rarely  considered.  A  watershed  approach  to  water  management  planning, 
decisions,  and  implementation  would  result  in  better  water  management  for 
the  entire  area. 

[ 

f 

8.  For  each  remaining  plan,  local  sponsors  will  need  to  be  identified 
and  contacted  regarding  their  interest  in  the  plan  and/or  plan  component. 

9.  The  views  of  Federal  and  State  agencies,  the  Lower  Sheyenne  River 
Citizens  Committee,  and  other  interests  are  instrumental  in  the  plan  selec¬ 
tion  process  -  Successful  implementation  of  a  selected  plan  will  depend  on 
Federal,  State,  and  local  interests  reaching  an  agreement  on  the  results 
of  this  study. 

PUBLIC  AND  AGENCY  COMMENTS 

The  main  report  of  the  Stage  2  Working  Papers  Report  was  distributed 
to  Canadian,  Federal,  and  State  agencies;  water  management  districts; 
counties;  cities;  media;  and  interested  organizations  and  individuals. 

The  technical  appendixes  were  provided  to  Canadian,  Federal,  and  State 
agencies;  members  of  the  Lower  Sheyenne  River  Citizens  Committee;  and, 
upon  request,  to  other  Interested  organizations  and  individuals. 
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Letters  of  consent  were  received  from  nine  Federal  agencies,  six 
State  agencies,  five  cities,  eight  water  management  districts  and  coun¬ 
ties,  eight  organizations,  and  five  individuals.  Table  M-21  summarizes 
these  consents.  The  table  indicates  whether  the  comments  included  a 
specific  recommendation  to  keep  or  drop  any  of  the  three  plans  recom¬ 
mended  for  further  study.  It  also  summarizes  the  remarks. 
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M-21  Summary  of  comments  on  the  stage  2  report 
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Table  M-21  (cont) 


KEEP  FOR  FURTHER  STUDY 
DROP  FROM  FURTHER  STUDY 
NO  RECOMMENDATION  STATED 


:ep  for  further  study 

!OP  FROM  FURTHER  STUDY 
l  RECOMMENDATION  STATED 


A  summary  of  the  comments  received  on  the  pertinent  plans,  individ¬ 
ual  plan  components,  and  purposes  are  presented  in  the  following  paragraphs. 

Plan  D-l 


Interests  along  the  routes  of  the  diversions  to  the  Wild  Rice  River 
(Pleasant  Township,  Mr.  Larry  Richard,  and  Mr.  George  Richard)  oppose  any 
diversion  to  the  Wild  Rice  River. 

Interests  along  the  Red  River  (city  of  Grand  Forks  and  the  editor 
of  the  Fargo-Moorhead  Forum)  believe  the  diversions  to  the  Wild  Rice 
and  Red  Rivers  and  the  other  diversions  do  not  contribute  to  the  solution 
of  the  flooding  problems  of  the  Red  River  and  should  be  dropped  in  favor 
of  the  storage  alternatives. 

The  U.S.  Fish  and  Wildlife  Service  expressed  concern  over  the  adverse 
impacts  of  the  storage  elements  of  plan  D-l. 

There  was  general  support  for  keeping  plan  D-l  for  further  considera¬ 
tion,  although  there  was  also  concern  regarding  the  actual  viability  and/ 
or  implement ability  of  several  of  the  plan's  components.  The  favorable 
comments  on  plan  D-l  generally  supported  the  concept  of  the  plan,  but 
suggested  that  modifications  be  considered  in  further  studies. 

Plan  D-2 


Although  only  three  of  the  letters  received  favored  dropping  the 
diversions  and  other  components  of  plan  D-2  (the  city  of  Grand  Forks, 
the  Forum,  and  Mr.  R,  Joseph  Sether) ,  many  expressed  concern  about  the 
viability  of  the  plan.  Most  of  the  letters  supported  keeping  plan  D-2  or  a 
modification  for  further  evaluation. 

Plan  K-3 


Most  of  the  comments  received  on  this  plan  recommended  dropping  it 
from  further  construction.  These  views  were  expressed  from  the  U.S.  Forest 
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Service,  U.S.  Fish  and  Wildlife  Service,  Environmental  Protection  Agency, 
North  Dakota  Game  and  Fish  Department,  Red  River  Joint  Water  Management 
Board,  Lower  Sheyenne  River  Citizens  Committee,  and  many  others.  The 
major  concerns  were  the  large  acreages  of  land  required  and  the  effects 
on  the  relocated  residents  and  the  local  tax  base,  woodland  and  wildlife 
in  the  project  area,  and  groundwater  levels. 

Recommendations  that  plan  K-3  should  be  kept  for  further  study 
came  from  the  North  Dakota  State  Water  Commission,  city  of  Grand  Forks, 
city  of  West  Fargo,  Southeast  Cass  Water  Management  District,  Fargo-Moor- 
head  Forum,  and  Mr.  R.  Joseph  Sether. 

Other  Plans 

The  North  Dakota  State  Water  Commission  and  the  Red  River  Joint  Water 
Management  Board  requested  consideration  of  a  plan  that  would  combine  the 
features  of  plans  D-l  and  D-2  with  small  upland  water  retention  dams. 
Comments  from  other  agencies  and  interests  also  suggested  the  modification 
of  plans  D-l  and  D-2. 

Components  of  the  Plans 

Baldhill  Dam  -  Valley  City  preferred  revised  management  of  Baldhlll 
Dam  and  a  maximum  5-foot  raise  to  reduce  potential  flood  damages  in  the 
city.  Barnes  County,  however,  opposed  any  raises  that  would  require 
acquisition  of  lands.  Other  interests  also  conmented  on  the  raise. 


Tributary  Dam  -  Timber  Coulee  -  The  city  of  Lisbon,  Ransom  County, 
and  the  Ransom  County  Water  Management  District  all  recommended  dropping 
the  Timber  Coulee  site  from  further  consideration  or  changing  its  location. 


Tributary  Dan  -  Dead  Colt  Creek  -  The  city  of  Lisbon,  Ransom  County, 
and  the  Ransom  County  Water  management  District  indicated  that  the  Dead 
Colt  Creek  dam  should  be  built  as  a  multiple-purpose  project  including 
storage  for  flood  control. 

Relocation  of  Frequently  Flooded  Structures  at  Valley  City  -  Valley 
City  does  not  support  the  relocation  of  flood-prone  structures.  No 
favorable  responses  were  received  concerning  the  relocations  at  Valley 
City. 


Wetlands  -  The  U.S.  Fish  and  Wildlife  Service  indicated  it  would 
cooperate  in  a  wetland  restoration/wetland  size  increase  program  if  ade¬ 
quate  consideration  were  given  to  wildlife  resources.  The  Bureau  of 
Reclamation  indicated  the  possibility  of  acquiring  and  restoring  drained 
wetlands  in  the  basin  as  part  of  a  wildlife  mitigation  plan  for  the 
Garrison  Diversion  Unit.  These  restored  wetlands  could  also  provide 
flood  control  storage.  The  North  Dakota  Game  and  Fish  Department  be¬ 
lieves  the  drainage  area  above  Baldhill  Dam  should  also  be  considered. 

Control  of  Drainage  -  The  Lower  Sheyenne  River  Citizens  Committee 
passed  a  resolution  asking  the  North  Dakota  State  Water  Commission  to 
ensure  that  all  future  drainage  projects  be  controlled  so  as  to  not  in¬ 
crease  downstream  flood  problems  and  that  existing  drainage  projects  be 
reassessed  to  determine  if  additional  controls  are  needed.  The  North 
Dakota  State  Water  Commission  stated  that  Section  61-02-02  of  the  North 
Dakota  Century  Code  requires  that  drainage  of  a  watershed  of  80  acres  or 
more  must  have  a  permit  from  the  State  Engineer  and  the  appropriate 
water  management  district  and  that  all  drainage  in  the  Red  River  basin 
is  of  statewide  significance  requiring  final  approval  by  the  State  Engineer. 
Enforcement  is  often  difficult;  however,  reorganization  of  the  water 
management  districts  could  strengthen  enforcement. 
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Water  management  districts  and  others  also  discussed  the  need  for 
control  of  drainage  in  the  basin. 

Control  of  Private  Levee  Construction  -  The  North  Dakota  State  Water 
Commission  commented  that  Section  61-16-15  of  the  North  Dakota  Century 
Code  requires  permits  for  levees  that  contain  more  than  12.5  acre-feet  of 
water  (this  would  include  all  levees  along  the  Sheyenne  River).  This 
regulation  is  not  easy  to  enforce.  However,  the  water  management  districts 
and  the  water  commission  are  making  efforts  toward  stricter  enforcement. 

The  ability  of  the  water  management  districts  and  the  Water  Commission  to 
provide  effective  control  of  these  private  levees  is  essential  to  develop¬ 
ment  of  any  levee  and  diversion  plan  for  the  lower  Sheyenne  River. 

Water  Resource  Management  and  Related  Purposes 

Flood  Damage  Reduction  -  When  commented  on,  flooding  and  flood  damages 
along  the  lower  Sheyenne  River  were  generally  recognized  as  a  major  prob¬ 
lem.  The  Soil  Conservation  Service  commented  that  the  statements  of  the 
flooding  problem  should  be  clarified. 

Water  Supply  -  Existing  and  future  water  supply  needs  as  discussed  in 
the  stage  2  report  were  addressed  only  by  the  Bureau  of  Reclamation  and 
Valley  City.  The  bureau  indicated  that  more  than  60,000  acres  of  poten¬ 
tially  irrigable  land  is  in  the  area  of  the  Kindred  reservoir  site  and 
that  the  potential  water  needs  of  this  land  should  be  recognized  in  the 
analysis  of  future  water  needs.  Valley  City  Indicated  its  concern  with 
adequate  water  storage  for  its  future  needs  if  the  management  of  Baldhill 
Dam  were  to  be  revised  without  proper  consideration  for  potential  water 
shortages  during  severe  droughts. 


M-86 


Water  Quality  -  The  Bureau  of  Reclamation  indicated  its  concern  over 
the  adequacy  of  the  water  quality  information  in  the  report.  The  Environ¬ 
mental  Protection  Agency  indicated  no  foreseeable  need  for  storage  at 
either  the  Kindred  Dam  site  or  Baldhill  Dam  to  improve  water  quality. 

The  EPA  indicates  that  opportunities  to  improve  the  water  quality  in 
Lake  Ashtabula  should  be  considered. 

Recreation  -  The  city  of  Grand  Forks  commented  that  a  small  permanent 
pool  should  be  considered  in  plan  K-3  to  improve  recreation  potential.  No 
one  else  commented  on  the  recreation  needs  or  potentials  of  the  study  area. 

Hydroelectric  Power  -  The  Federal  Energy  Regulatory  Commission  pro¬ 
vided  information  on  the  potential  for  hydropower  at  the  Kindred  Dam  site 
and  Baldhill  Dam.  The  Commission's  analysis  showed  small  potential  for 
the  development  of  hydropower;  it  does  not  appear  to  be  economically  feasible 
to  develop  the  power  potential  at  these  sites. 

Fish  and  Wildlife  -  The  U.S.  Forest  Service  indicated  there  are  oppor¬ 
tunities  for  improving  wildlife  habitat  on  the  Sheyenne  National  Grasslands, 
but  no  specific  proposals  are  being  considered  for  implementation.  The 
Fish  and  Wildlife  Service,  Environmental  Protection  Agency,  and  North  Dakota 
Game  and  Fish  Department  indicated  that  the  potential  for  the  restoration 
of  drained  wetlands  should  be  investigated  further  with  the  possibility  of 
improving  wildlife  habitat. 

Cultural  Resources  -  The  State  Historical  Society  of  North  Dakota  and 
Michael  L.  Gregg,  University  of  North  Dakota,  commented  that  additional 
information  should  be  gathered  in  poten' ial  project  areas  to  ensure  that 
proper  consideration  is  given  to  cultural  resources  when  any  project  is 
developed. 


CONCLUSIONS  REACHED  AFTER  PUBLIC  AND  AGENCY  REVIEW 


The  comments  received  on  the  Stage  2  Working  Papers  Report  were 
reviewed  and  the  following  conclusions  were  made  concerning  the  analysis 
of  alternatives  for  flood  damage  reduction  and  the  incorporation  of 
other  purposes  that  would  be  accomplished  in  stage  3. 

1.  The  three  plans  recommended  for  further  evaluation,  D-l,  D-2, 
and  K-3,  are  not  widely  supported  without  some  modification  of  components. 
The  levee  and  flood  diversion  oriented  plans  are  widely  supported  by  in¬ 
terests  who  would  be  potentially  adversely  affected  by  the  Kindred  Dam 
plan.  The  Kindred  Dam  plan  is  supported  for  further  study  primarily  by 
the  principal  beneficiaries  along  the  Sheyenne  River.  The  residents  of 
the  floodplain  downstream  of  Kindred  are  concerned  about  the  effectiveness 
of  the  levee  and  diversion  plans. 

2.  Few  comments  discussed  the  inclusion  of  other  purposes  in  the 
flood  damage  reduction  plans.  No  comments  suggested  that  the  plan  selec¬ 
tion  process  should  be  based  on  the  potential  of  the  plans  to  benefit 
other  purposes.  Rather,  all  indications  were  that  plan  selection  should 
be  based  on  the  relative  contributions  of  the  plans  to  flood  damage 
reduction.  Although  potentially  irrigable  lands  were  mentioned  by  the 
U.S.  Bureau  of  Reclamation,  none  of  the  property  owners,  counties,  or 
water  resource  district  personnel  have  expressed  any  interest  in  develop¬ 
ing  these  lands.  No  identified  needs  for  irrigation  water  can  be  shown 
at  present  for  which  plan  formulation  would  be  affected.  Whereas  storage 
for  water  quality  improvement  was  one  of  the  purposes  of  the  authorized 
Kindred  Lake  project,  no  justification  could  be  found  at  this  time  for 
including  storage  for  water  quality  as  a  project  purpose  in  any  of  the 
alternatives. 


3.  None  of  the  potential  non-Federal  sponsors  for  the  various  plans 
expressed  a  strong  interest  in  fulfilling  the  requirements  of  local  sponsor¬ 
ship  of  any  specific  plan  component.  The  general  support  for  the  plans 

by  the  North  Dakota  State  Water  Commission  indicates  that  the  overall 
sponsorship  of  a  plan  would  probably  come  from  the  Water  Commission.  How¬ 
ever,  support  for  the  components  of  the  plan  would  also  have  to  come 
from  the  cities,  counties,  and  water  resource  districts  most  directly 
benefited  by  the  plan.  Indications  of  this  support  would  have  to  be  sought 
from  these  interests. 

4.  A  flood  damage  reduction  plan  that  combines  components  of  plans 
D-l  and  D-2  should  be  developed,  evaluated,  and  coordinated  with  the  poten¬ 
tial  local  sponsors  to  work  toward  a  fully  implementable  plan.  The  follow¬ 
ing  components  should  be  considered  for  inclusion  in  the  combination  plan: 

a.  Levees  and  diversion  at  West  Fargo/Riverside. 

b.  Floodway/diversion  from  Horace  to  West  Fargo. 

c.  Raise  of  Baldhill  Dam  (5  feet  or  less). 

d.  Dead  Colt  Creek  tributary  dam  (multiple-purpose). 

e.  Restoration  of  drained  wetlands/increasing  size  of  existing 

wetlands. 


f.  Ring  levees  at  farmsteads  and  residences. 


STAGE  3  EVALUATION 


GENERAL 

The  alternatives  considered  in  further  detail  during  stage  3  were 
evaluated  as  components  of  plans  consistent  with  the  conclusions  reached 
in  stage  2  and  the  regulations  of  the  Office,  Chief  of  Engineers,  con¬ 
cerning  display  and  evaluation  of  alternatives.  As  additional  information 
was  gathered  and  the  plans  were  developed,  several  alternatives  were 
dropped.  Only  those  alternatives  which  were  implement able  and  met  the 
planning  guidelines  were  examined  in  the  final  comparison. 

ALTERNATIVES  AND  PLANS  DROPPED  IN  FINAL  EVALUATIONS 

Kindred  Dam/Plan  K-3 


The  Kindred  Dam  was  being  retained  for  further  consideration  because 
it  was  economically  justified  and,  when  considered  as  a  part  of  plan  K-3, 
its  environmental  and  social  impacts  were  less  severe  than  those  of  other 
plans  which  included  the  Kindred  Dam  as  a  component.  However,  other  plans 
had  more  favorable  economic  evaluations  and  fewer  undesirable  environmental 
and  social  impacts.  Also,  significant  regional  opposition  existed.  This 
fact,  in  conjunction  with  the  relative  merits  and  impacts  of  the  other 
alternatives,  led  to  the  conclusion  that  the  Kindred  Dam  was  not  implement able. 

Many  items  were  considered  in  the  evaluation  of  the  Kindred  Dam.  These 
items  were  significant  because  of  the  estimated  impacts,  perceptions  of 
impacts,  and/or  the  degree  of  justification  provided.  Some  of  the  more 
significant  items  and  their  effects  on  implementability  of  the  Kindred 
Dam  and  plan  K-3  are  discussed  in  the  following  paragraphs. 

Water  Supply  Storage  -No  foreseeable  need  for  additional  water  supply 
storage  was  projected.  A  permanent  pool  impounded  by  a  dam  near  Kindred 
could  provide  additional  storage  for  water  supply.  However,  because  no 
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need  was  identified,  no  quantifiable  benefits  can  be  claimed  for  water  sup- 
■4^-  Ply.  No  water  supply  benefits  were  claimed  in  the  justification  for  the 

authorized  multiple-purpose  Kindred  Lake  project.  Although  droughts  such 
as  the  one  that  occurred  in  1976-1977  raise  significant  concerns  among 
area  residents  about  the  adequacy  of  their  water  sources,  unless  a  drought 
were  severe  and  of  an  extended  nature,  water  shortages  would  not  be  large. 
Existing  water  sources  appear  adequate  for  the  foreseeable  future. 

If  potentially  irrigable  lands  in  the  area  were  irrigated,  an  additional 
demand  would  be  imposed  on  existing  water  supplies.  However,  area  residents 
and  water  management  districts  have  not  indicated  any  need  or  desire  to 
irrigate  these  lands. 


Even  if  water  shortages  were  identified,  Baldhill  Dam  could  be  modified 
or  water  could  be  transferred  into  the  Sheyenne  River  basin  through  the 
Garrison  Diversion.  Either  of  these  steps  is  more  cost  effective  than 
the  Kindred  Dam  in  supplying  water.  Thus,  no  water  supply  benefits  can 
be  credited  to  the  Kindred  Dam, 

Water  Quality  Improvement  Storage  -  Storage  for  improvement  of  down¬ 
stream  water  quality  was  a  purpose  of  the  authorized  Kindred  Lake  project 
and  accounted  for  23  percent  of  the  benefits  justifying  the  project.  How¬ 
ever,  the  need  for  storage  for  water  quality  improvement  is  not  projected 
at  this  time. 


Water  quality  improvement  was  incorporated  into  the  Kindred  Lake  project 
to  alleviate  the  adverse  effects  of  irrigation  return  flows  on  the  Sheyenne 
and  Red  Rivers.  However,  the  Environmental  Protection  Agency  and  Bureau  of 
Reclamation  do  not  consider  storage  for  this  purpose  necessary.  The  EPA 
has  responsibility  for  identifying  such  a  need.  A  statement  from  that  agency 
identifying  the  need  is  required  before  benefits  could  be  credited. 


Baldhill  Dam  could  be  operated  to  improve  downstream  water  quality.  Res¬ 
ervoirs  in  highly  agricultural  watersheds  often  have  water  quality  problems 
associated  with  the  trapping  of  nutrients  and  eutrophication.  Any  potential 
water  quality  benefits  would  be  partly  offset  by  eutrophication. 
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Thus,  no  need  was  identified  for  storage  for  water  quality  improvement 
and  storage  was  not  included  in  any  of  the  alternatives  considered.  No 
benefits  for  this  purpose  were  credited  to  any  alternative. 

Permanent  Pool  for  Recreation  -  A  permanent  pool  behind  Kindred  Dam 
would  provide  recreation  benefits  and  improve  the  aesthetics  of  the  project. 
Because  of  frequency  and  duration  of  floodwater  storage,  a  dry  dam  operated 
only  for  flood  control  would  create  a  significant  area  in  the  lowest  portion 
of  the  flood  pool  that  would  be  difficult  to  keep  vegetated.  The  aesthetics 
and  overall  quality  of  the  project  could  be  improved  by  providing  a  permanent 
pool  for  recreation  and  other  purposes.  A  small  permanent  pool  that  would 
provide  about  1,500  acres  of  water  for  recreation  but  would  not  reduce  the 
project’s  flood  control  effectiveness  could  easily  be  incorporated.  Several 
hundred  thousand  dollars  in  recreation  benefits  would  be  provided  annually. 

The  incremental  benefit-cost  ratio  of  the  recreation  pool  would  range  from 
1.5  to  2.5.  The  expressed  need  for  additional  water-based  recreation  was 
limited.  While  recreation  opportunities  could  be  provided  at  the  Kindred 
site,  the  net  benefits  of  adding  recreation  would  be  relatively  small.  Many 
individuals  are  concerned  that  the  addition  of  a  permanent  pool  would  alter 
groundwater  levels  and  vegetation  patterns  in  the  area.  Thus,  although  a 
small  permanent  pool  would  be  added  if  the  Kindred  Dam  were  constructed,  the 
permanent  pool  would  not  significantly  change  the  relative  economic  evaluation. 

Effectiveness  in  Reducing  Flood  Stages  -  The  Kindred  Dam  would  be  very 
effective  in  reducing  flood  damages  along  the  lower  Sheyenne  River.  Floods 
at  Kindred,  Horace,  and  West  Fargo  would  be  reduced  almost  to  nondamaging 
levels  except  for  very  large  and  extremely  infrequent  floods.  For  these 
large  floods,  flood  levels  would  often  be  reduced  from  the  "without  project" 
condition.  From  West  Fargo  to  the  Red  River  of  the  North,  flood  levels  would 
usually  be  reduced  by  a  couple  of  feet.  However,  for  some  events,  the  effect 
might  be  relatively  small,  in  the  range  of  1  foot. 
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Along  the  Red  River,  the  effectiveness  of  the  Kindred  Dam  in  reducing 
flood  stages  would  be  relatively  minor.  For  example,  for  the  1979  flood, 
flood  levels  at  Grand  Forks  would  have  been  reduced  about  0.1  foot.  The 
Sheyenne  River  floodplain  downstream  of  Kindred  already  is  quite  effective 
at  attenuating  peak  flood  contributions  to  the  Red  River.  Also,  much  of 
the  Sheyenne  River’s  flood  volume  contribution  occurs  after  the  Red  River 
has  peaked.  Thus,  although  Kindred  Dam  could  reduce  Red  River  flood  levels, 
the  reduction  would  be  relatively  minor.  And,  because  few  major  reservoir 
sites  exist  on  tributaries  to  the  Red  River,  a  comprehensive  flood  damage 
reduction  plan  for  the  Red  River  main  stem  does  not  depend  on  whether  the 
Kindred  Dam  is  implemented. 

Effects  on  Woodland  Habitat  from  Temporary  Inundation  by  Flood  Pool  - 
The  largest  concentration  of  woodland  habitat  in  southeastern  North  Dakota 
is  in  the  lower  Sheyenne  River  basin  in  the  area  that  would  be  affected  by 
the  permanent  and  temporary  pools  impounded  by  Kindred  Dam.  A  small  permanent 
pool  could  cause  the  permanent  loss  of  1,000  acres  of  prime  woodland  habi¬ 
tat.  Temporary  floodwater  storage  could  affect  an  additional  3,000  to  4,000 
acres.  This  effect  would  be  significant  for  the  region.  The  duration  of 
storage  behind  the  dam  under  plan  K-3  would  be  significantly  shorter  than 
that  under  plan  K-l  or  the  authorized  project.  The  duration  under  plan  K-3 
for  a  25-year  flood  would  be  minor.  However,  for  a  100-year  flood,  most 
of  the  3,000  to  4,000  acres  of  woodland  would  be  flooded  for  more  than  30 
days,  resulting  in  an  almost  total  loss  of  the  woodland  habitat.  Although 
such  an  event  would  be  infrequent,  its  effects  are  a  major  concern  to  those 
interested  in  the  environmental  quality  of  the  area.  These  effects  were 
accounted  for  in  the  determination  of  the  need  for  a  wildlife  mitigation 
plan. 
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Effectes  on  the  Water  Table  and  Vegetation  in  Surrounding  Areas  - 
One  issue  at  the  time  of  authorization  for  the  Kindred  Dam  in  1970  was 
the  effect  of  the  project  on  water  table  levels  and  vegetation  in  areas 
adjacent  to  the  project.  From  1972  through  1974,  during  the  Kindred  lake 
Restudy,  the  U.S.  Geological  Survey  examined  this  issue.  The  findings  of 
the  restudy  were  that  the  permanent  pool  impounded  by  the  Kindred  Dam 
could  significantly  raise  groundwater  levels  up  to  4  miles  from  the  lake 
(about  a  130-square-mile  area) .  Because  the  water  table  is  very  near  the 
surface  in  this  area,  major  changes  in  vegetation  were  predicted.  Most 
people  in  the  region  feared  that  the  grazing  value  of  the  area  would  be 
substantially  reduced  and  that  the  regional  ranching  economy  would  suffer 
greatly.  Because  this  potential  impact  was  significant  and  was  a  signi¬ 
ficant  concern  to  people  in  a  large  area  surrounding  the  project,  during 
Phase  I  GDM  studies,  the  U.S.  Geological  Survey  evaluated  the  potential 
effects  in  greater  detail,  improving  the  quality  of  its  groundwater 
computer  model.  The  results  of  this  evaluation  show  that  the  effects 
would  be  substantially  less  those  estimated  earlier.  The  area  of  signi¬ 
ficant  increase  in  groundwater  level  would  extend  less  than  1  mile  from 
the  shore  of  the  lake.  The  area  of  impact  would  be  only  about  12  square 
miles,  less  than  10  percent  of  the  previous  estimate.  For  the  smaller 
permanent  pool  levels  considered  during  Phase  I  studies,  the  area  of 
projected  increase  was  even  smaller.  The  magnitude  of  the  increase 
would  also  be  reduced.  The  raises  would  be  mostly  between  1  and  5  feet 
and  would  be  in  areas  where  the  water  table  was  generally  more  than 
10  feet  below  the  ground  surface. 

These  revised  estimates  of  change  in  groundwater  levels  would  not 
be  expected  to  significantly  change  vegetation  patterns  in  the  area. 

Studies  done  by  North  Dakota  State  University  indicated  that  water  table 
depths  of  5  feet  or  less  can  be  related  to  vegetation  tyoes.  Most  of  the 
predicted  changes  in  groundwater  levels  would  occur  where  the  vegetation 
patterns  would  not  be  expected  to  change. 

Although  the  improved  estimates  of  impact  showed  that  effects  would  be 
considerably  less  than  previous  estimates,  the  original  estimates  caused  a 


tremendous  amount  of  regional  concern  and  opposition  to  the  Kindred  Lake 
project.  That  concern  and  opposition  has  remained  in  spite  of  the  changed 
estimates.  The  perceived  impact  is  greater  than  the  actual  impact  would  be 


Fish  and  Wildlife  Mitigation  -  Significant  acreages  of  lands  were 
required  to  mitigate  the  impacts  on  fish  and  wildlife  resources  that  would 
result  from  the  project.  The  authorized  project  would  have  required  acquisi¬ 
tion  of  about  20,000  acres  including  lands  for  mitigation.  Plan  K-3  would 
have  substantially  reduced  impacts  on  wildlife,  but  more  mitigation  lands 
would  be  required  because  of  a  change  in  the  mitigation  evaluation  procedure. 
Thus,  lands  required  for  plan  K-3  would  total  25,000  acres.  Acquisition 
of  large  acreages  for  fish  and  wildlife  purposes  is  not  popular  in  North 
Dakota.  Proposals  for  such  acquisitions  generate  much  opposition.  Even 
though  the  Garrison  Diversion  Unit  would  bring  significant  benefits  to 
North  Dakota  through  the  irrigation  water  it  would  supply,  its  implementation 
has  been  slowed  and  modified  in  large  part  because  of  issues  related  to 
fish  and  wildlife.  Also,  the  Fish  and  Wildlife  Service  has  easements  on 
a  large  number  of  wetlands  in  North  Dakota.  The  Service's  restrictions 
on  these  lands  have  caused  concern  throughout  the  State.  Thus,  any  large 
acreage  identified  for  acquisition  for  fish  and  wildlife  purposes  would 
cause  concern  to  and  elicit  opposition  from  a  large  segment  of  people  in 
North  Dakota. 

Amount  of  Private  Lands  to  be  Acquired  -  About  25,000  acres  of  land 
would  be  required  for  the  Kindred  Lake  project.  Most  of  it  is  privately 
owned.  The  lands  that  would  be  acquired  are  next  to  the  Sheyenne  National 
Grasslands  -  a  70,000-rac.re  tract  administered  by  the  U.S.  Forest  Service. 

The  addition  of  25,000  acres  would  result  in  a  very  large  block  of  federally- 
owned  land  in  the  area.  Local  opposition  to  Federal  ownership  and  control 
of  such  a  large  tract  of  land  would  be  significant. 
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Diversions  to  the  Wild  Rice  River 


Flood  diversion  channels  from  the  Sheyenne  to  the  Wild  Rice  River 
were  considered  as  components  of  plans  D-l  and  K-3  during  stage  2.  The 
diversion  in  plan  D-l  would  reduce  flood  flows  and  stages  along  the  Shey¬ 
enne  River  particularly  between  Kindred  and  West  Fargo  during  the  second 
peak.  In  plan  K-3,  the  diversion  would  allow  release  of  larger  flows  from 
Kindred  Dam  than  would  normally  be  possible. 

The  diversions  were  kept  for  consideration  into  stage  3.  However, 
when  the  Kindred  Dam  was  dropped,  the  diversion  as  part  of  plan  K-3  was 
also  dropped. 

As  part  of  plan  D-l,  the  diversion  would  have  to  be  supplemented  by 
other  measures:  tributary  dams  and  flood  control  storage  in  existing  or 
drained  wetlands  between  Kindred  and  Baldhill  Dam.  The  only  tributary  dam 
that  appears  to  have  economic,  environmental,  and  implementability  merit 
is  the  dam  on  Dead  Colt  Creek.  The  dam  on  Timber  Coulee,  although  economically 
attractive,  did  not  have  support  for  implementation. 

Increasing  flood  storage  capacity  of  wetlands  is  a  controversial 
subject.  Property  owners  in  the  watershed  are  not  in  favor  of  preserving 
more  wetland  areas.  The  specific  tracts  to  be  used  would  have  to  be  identi¬ 
fied  before  local  support  could  be  determined.  Some  landowners  would  be 
willing  to  sell  their  land  or  grant  an  easement  for  preservation  of  wetland 
areas  so  that  the  low-lying  areas  can  be  used  to  store  floodwaters.  However, 
the  majority  of  landowners  would  not  be  interested  in  any  type  of  lease 
or  selling  their  land.  Therefore,  this  concept  would  be  supported  only  if 
most  of  the  landowners  whose  lands  would  be  acquired  were  in  favor  of  the 
proposal.  The  number  of  tracts  that  would  have  to  be  acquired  is  large  and 
would  probably  be  greater  than  the  number  of  landowners  willing  to  let 
their  lands  be  used  for  floodwater  storage.  Non-Federal  sponsorship  is 
very  unlikely  because  of  the  scope  of  the  alternative  if  it  is  to  be  effective. 
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Also,  the  principal  benefits  of  this  alternative  are  fish  and  wildlife 
benefits  that  are  not  quantifiable  in  dollars.  The  flood  damage  reduc¬ 
tion  benefits  are  small  when  compared  to  the  costs.  The  likelihood  of 
this  alternative  being  implemented  on  a  large  scale  is  not  good.  To  be 
implemented,  the  alternative  would  have  to  be  implemented  on  a  small  scale 
with  the  principal  justification  being  fish  and  wildlife  benefits.  Each 
tract  would  have  to  be  considered  on  an  individual  basis. 

The  Dead  Colt  Creek  Dam  by  itself  would  not  effectively  reduce 
first  peak  flooding.  Therefore,  plan  D-l  would  have  limited  effective¬ 
ness  in  reducing  flood  damages  between  Kindred  and  West  Fargo.  The 
diversion  becomes  of  limited  value  because  it  addresses  only  the  second 
peak.  Thus,  the  diversions  to  the  Wild  Rice  River  were  dropped  because 
a  fully  implementable  plan  to  effectively  reduce  basin  flood  damages  in 
which  they  could  function  could  not  be  developed. 

FORMULATION  OF  PLANS 

The  remaining  measures  were  combined  into  an  array  of  implementable 
plans.  These  plans  and  their  components  are  listed  in  table  M-22.  The 
plans  are  labeled  no  action,  environmental  quality  (EQ) ,  national  economic 
development  (NED),  nonstructural ,  and  selected  plan. 
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(6)  Includes  shelterbelts  at  selected  locations  and  grassed  waterways  In  and  along  the  diversion  channel 


No  Action  Plan 


Under  the  "no  action"  plan,  the  future  "without  project"  end  it  ion 
presented  in  the  main  report  would  occur.  Those  actions  pertinent  to  the 
comparison  of  the  no  action  pain  with  the  other  plans  include  floodplain 
regulations,  flood  warning  and  forecasting,  flood  emergency  measures, 
flood  insurance,  debris  removal,  control  of  wetland  drainage,  and  control 
of  private  levee  construction.  Floodplain  regulations  would  continue  and 
future  development  in  the  floodplain  would  recognize  the  flood  hazard  and 
be  built  so  that  the  1-percent  chance  flood  would  cause  little  or  no 
damage.  Flood  warning  and  forecasting  would  continue  and  probably  be 
improved  as  new  technology,  data  collection  techniques,  and  prediction 
capability  are  developed.  Flood  emergency  measures  taken  just  preceding  or 
during  a  flood  would  be  the  primary  means  of  preventing  damage  to  existing 
development.  These  measures  could  include  constructing  emergency  levees, 
moving  damageable  property  above  flood  levels,  evacuating  residents  of 
flooded  or  floodable  properties,  and  other  short-term  actions.  Flood 
insurance  would  continue  to  be  available  to  assist  in  minimizing  the 
impact  of  a  flood  loss  on  an  individual  property  owner.  Debris  removal 
from  the  river  channels  and  bridge  openings  would  be  necessary  before  and 
after  floods,  especially  in  reaches  where  the  lack  of  sufficient  flow 
capacity  could  cause  extensive  flood  damages.  The  control  of  wetland 
drainage  would  continue.  Drainage  would  be  allowed  only  when  it  would 
not  worsen  flood  conditions.  Private  levee  construction  would  also  be 
controlled.  Enforcement  of  these  controls  would  be  difficult,  particu¬ 
larly  without  an  overall  plan  for  addressing  the  flood  damage  problem, 
and  enforcement  would  probably  not  be  complete.  The  no  action  plan  would 
attempt  to  reduce  flood  damages  to  existing  development  by  short-term 
action  just  before  and/or  during  a  specific  flood.  Future  development 
would  be  essentially  flood  proofed  or  flood  resistant  from  most  floods. 
Continuing  difficulties,  however,  would  be  encountered  in  the  control 
of  drainage  and  private  levee  construction.  Because  drainage  and 
private  levees  can  worsen  future  floods  if  not  accomplished  properly, 
control  of  these  ewo  activities  would  be  crucial  to  management  of 
future  flood  problems. 

<:> 
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Nonstructural  Plan 


A  plan  reducing  flood  damage  using  primarily  "nonstructural"  measures 
as  discussed  in  ER  1105-2-353  and  ER  1165-2-122  and  building  on  the 
results  of  the  'preliminary  planning  was  developed.  Valley  City  and  Lisbon 
are  the  two  locations  in  the  basin  where  evacuation  of  flood-prone 
structure  may  be  an  implementable  measure,  but  only  under  certain  condi¬ 
tions.  Those  areas  prone  to  the  most  frequent  flooding  are  generally 
adjacent  to  the  river  and  represent  a  significant  yet  relatively  small 
portion  of  the  city.  At  Valley  City,  the  evacuation  option  has  marginal 
economic  feasibility;  at  Lisbon,  it  clearly  lacks  economic  feasi¬ 
bility.  Neither  community  supports  moving  from  the  floodplain,  in  part 
because  the  flood  fight  efforts  for  recent  floods  have  been  successful 
and  major  flood  damages  have  been  averted.  In  the  future,  however,  if 
flood  fight  efforts  fail  and  these  areas  receive  substantial  dam¬ 
ages  and  if  funds  were  available  immediately  after  the  flood  to  acquire 
the  flooded  properties,  relocation  of  residents  from  much  of  the  Valley 
City  and  Lisbon  floodplains  could  be  implemented.  At  West  Fargo/Rlverslde, 
where  the  entire  community  is  on  flood-prone  land,  the  evacuation  alternative 
is  not  viable  even  under  the  above  described  conditions  for  Valley  City  and 
Lisbon.  The  only  alternative  which  can  address  the  objective  of  reducing 
flood  damages  for  the  existing  development  in  a  manner  which  could  be 
interpreted  as  "nonstructural"  is  the  levees  and  flood  diversion  channel 
plan  around  West  Fargo.  Other  features  of  the  "nonstructural"  plan  listed 
in  table  15  were  included  to  reduce  the  flood  damages  in  areas  outside 
the  three  main  cities.  The  control  of  private  levee  construction  and 
drainage  to  prevent  the  worsening  of  flooding  would  be  a  key  element  in 
this  plan.  Use  of  existing  and  drained  wetlands  in  the  upland  areas  to 
store  more  floodwaters  would  help  moderate  flood  peaks.  Most  of  the  com¬ 
ponents  of  the  plan  would  be  for  non-Federal  implementation.  The 
location  of  the  major  features  of  the  nonstructural  plan  are  shown  on 
plate  M-10. 
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Environmental  Quality  Plan 

National  environmental  policy  mandates  that  important  cultural  and 
natural  aspects  be  preserved  and  that  a  diverse  environment  be  maintained. 
Designation  of  an  EQ  plan  implies  that  the  plan  enhances  and  protects  the 
aesthetic,  cultural,  and  natural  diversity  of  the  environment  and  provides 
positive  contributions  to  the  EQ  account.  The  EQ  plan  was  developed  to 
reduce  flood  damages  and  maintain  or  enhance  the  environmental  resources 
of  the  basin,  working  primarily  with  the  measures  carried  into  the  final 
evaluation  stage.  The  EQ  plan  components  are  listed  in  table  15,  with  the 
levees  and  flood  diversion  channel  at  West  Fargo/Riverside,  the  flood 
diversion  channel  from  Horace  to  West  Fargo,  and  ring  levees  at  farmsteads 
and  residences  providing  the  nucleus  of  the  plan.  The  net  environmental 
effects  of  these  three  alternatives  are  about  neutral  with  some  minor 
losses  and  some  minor  gains.  The  other  components  of  the  plan  are 
needed  either  to  make  the  plan  effective  or  provide  positive  environ¬ 
mental  contributions.  Measures  which  add  environmental  credits  to  the 
plan  include  controlled  cattle  grazing,  sub impoundments,  and  aerators  at 
Lake  Ashtabula;  restoration  of  drained  wetlands;  increased  storage  capacity 
of  existing  wetlands;  encouragement  of  more  land  treatment;  encouragement 
of  public  control /ownership  of  riverine  lands;  and  control  of  wetland 
drainage.  Some  features  which  could  enhance  the  environment  include 
planting  of  extensive  shelterbelts  and  grassy  areas  of  the  channels  and 
levees  for  environmental  purposes.  Use  of  the  wetland  areas  of  the  basin 
for  floodwater  storage  could  also  enhance  the  environment  if  the  operating 
plans  for  the  management  of  these  areas  are  developed  primarily  around 
waterfowl  and  wildlife  values.  Most  of  the  components  would  be  the  respon¬ 
sibility  of  non-Federal  interests  to  implement  as  part  of  the  overall  plan. 
The  location  of  the  major  features  of  the  EQ  plan  are  shown  on  plate  M-ll. 

National  Economic  Development  Plan 


The  national  economic  development  (NED)  plan  primarily  includes 
plan  components  that  would  increase  net  economic  benefits.  The  key 
components  for  flood  damage  reduction  include  the  levees  and  flood 
diversion  channel  around  West  Fargo/Riverside,  the  flood  diversion 
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channel  from  Horace  to  West  Fargo,  the  5-foot  raise  of  Baldhill  Dam,  and 
ring  levees  and  flood  proofing  at  farmsteads  and  residences.  All  NED  plan 
components  are  listed  in  table  M-22.  The  locations  of  the  major  compo¬ 
nents  are  shown  on  plate  M-12.  All  four  key  components  provide  net 
economic  benefits.  The  remaining  components  -  especially  control  of 
private  levee  construction,  control  of  wetland  drainage,  and  floodplain 
regulations  -  are  essential  to  making  the  overall  plan  work.  Another 
alternative  measure  -  the  multiple-purpose  Dead  Colt  Creek  Dam  -  has 
potential  for  being  included  as  part  of  the  NED  plan,  but  was  not  included 
because  no  final  estimates  of  benefits  were  made  for  this  dam  operating 
as  a  component  of  the  overall  plan. 

Selected  Plan 


The  components  of  the  selected  plan  were  chosen  recognizing  the 
economic,  environmental,  and  implementability  aspects  of  the  potential 
plans  and  plan  components.  The  levee  and  flood  diversion  channel  at  West 
Fargo/Riverside  plus  the  flood  diversion  channel  from  Horace  to  West 
Fargo  resulted  in  as  good  or  better  economic  considerations  for  providing 
flood  protection  for  the  developments  from  Horace  through  West  Fargo  as 
the  Kindred  Dam  plan  K-3  or  other  combinations  of  plan  components  with  the 
levee  and  diversion.  The  environmental  aspects  of  these  two  components 
were  very  good  when  compared  with  other  options  and  there  appeared  to  be 
general  support  with  little  oppostion.  While  these  two  components  pro¬ 
vided  good  protection  for  the  area  from  Horace  through  West  Fargo,  other 
areas  upstream  of  Horace  and  downstream  of  West  Fargo  would  not  receive  any 
protection.  Ring  levees  or  other  nonstructural  flood  proofing  techniques 
at  individual  farmsteads  and  residences  offered  the  most  cost-effective 
manner  to  protect  these  developments.  A  raise  of  Baldhill  Dam  (not 
exceeding  5  feet)  could  produce  substantial  benfits  at  Valley  City  and 
Lisbon  and  also  in  areas  between  Kindred  and  West  Fargo.  When  considered 
in  conjunction  with  the  upgrading  for  safety  reasons,  the  cost  allocated 
for  flood  control  was  exceeded  by  the  benefits.  The  multiple-purpose 
Dead  Colt  Creek  tributary  dam  and  increased  floodwater  storage  capacities 
of  existing  and  drained  upland  area  wetlands  in  the  reach  from  Valley 
City  to  Kindred  were  added  to  reduce  flooding  from  the  first  peak  on 
the  Sheyenne  River  downstream  of  Kindred,  particularly  in  the  reach 
from  Kindred  to  Horace  and  from  West  Fargo  to  the  mouth  of  the  Sheyenne 
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River.  Floodplain  regulations,  flood  warning  and  forecasting,  control  of 
wetland  drainage,  and  control  of  private  levee  construction  are  essential 
for  an  effective  plan.  Flood  emergency  measures,  flood  insurance,  debris 
removal,  and  flood  proofing  can  provide  additional  protection  when  used 
at  appropriate  locations  and  times.  The  encouragement  of  public  ownership 
or  control  of  riverine  lands;  encouragement  of  more  land  treatment  in 
upland  areas;  and  controlled  cattle  grazing,  subimpoundments,  and  aerators 
at  Lake  Ashtabula  would  all  provide  increases  in  the  EQ  account.  The 
control  of  cattle  grazing,  sub impoundments,  and  aerators  at  Lake  Ashtabula 
could  also  be  accomplished  to  some  extent  under  a  revised  management  plan 
for  Baldhill  Dam,  which  could  be  implementable  under  existing  operation 
and  maintenance  authorities  for  the  project.  Planting  of  shelterbelts 
and  grasses  in  selected  portions  of  the  diversion  channels  would  help 
keep  the  channels  operational  and  less  prone  to  fill  with  drifted  snow 
as  well  as  providing  wildlife  benefits.  The  components  of  the  selected 
plan  are  listed  in  table  M-22.  Locations  of  major  components  are  shown 
on  plate  M-13. 

COMPARISON  OF  FINAL  PLANS 

Pertinent  information  on  the  final  plans  is  displayed  in  table  M-23. 
The  information  presented  includes  costs,  benefits,  and  impacts  for  all 
components  of  the  plans,  both  Federal  and  non-Federal,  wherever  possible. 
In  some  cases,  however,  some  of  the  effects  are  not  quantifiable.  For 
example,  in  the  data  presented  for  the  selected  plan,  the  costs  and  impacts 
of  the  wetlands  alternative  are  included;  however,  quantifiable  benefits 
are  extremely  difficult  to  estimate  and  none  are  presented  in  the  table 
even  though  significant  benefits  would  accrue  to  the  plan  as  a  result  of 
the  wetlands  alternative. 

All  plans  are  economically  justifiable  and  would  provide  high  degrees  of 
flood  damage  reduction.  All  plans  would  improve  public  health  in  the  area 
by  reducing  flooding.  The  potential  of  transmitting  diseases  and  contami¬ 
nating  wells  during  floods  would  be  reduced.  The  selected  plan  would 
benefit  the  greatest  number  of  people  and  the  largest  area.  Although  the 
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acquisition  impacts  seem  large  for  the  selected  plan,  the  nature  of  the 
actual  impact  must  be  considered.  Most  of  the  structures  to  be  acquired 
(about  90  percent)  are  cabins  around  Lake  Ashtabula  which  are  used  primarily 
as  recreational  summer  lakeshore  dwellings  and  their  purchase  would  not 
preclude  their  owners  from  building  on  another  site  around  the  lake.  The 
new  sites  might  be  set  back  slightly  farther  from  the  lakeshore,  but  the 
owners  would  still  have  their  view  and  access  to  the  lake.  Of  the  large 
acreage  of  lands  to  be  acquired,  most  (about  85  percent)  are  associated 
with  the  wetland  alternative.  These  lands  generally  have  marginal  value 
as  cropland  and  landowners  should  be  relatively  receptive  to  their  use 
for  floodwater  storage. 

The  cost-sharing  data  as  presented  in  table  M-23  is  based  on  traditional 
cost-sharing  policy  for  water  resource  development  projects.  However,  be¬ 
cause  the  current  cost-sharing  policies  have  not  yet  been  established,  the 
distribution  of  costs  between  Federal  and  non-Federal  interests  as  listed  should 
be  considered  as  only  a  guide.  Also,  that  portion  of  the  cost  labeled  non- 
Federal  is  all  costs  not  to  be  covered  by  the  Corps  of  Engineers,  including 
the  costs  which  may  be  contributed  by  other  Federal  agencies.  Final  esti¬ 
mates  and  recommendations  for  cost-sharing  and  financing  arrangements 
could  vary  significantly  from  the  information  presented  in  this  report. 
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Table  M-23  -  Display  of  pertinent  data  on  final  array  of  plans 
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ASCRIPTION  OF  THE  SELECTED  PLAN 


The  selected  plan  consists  of  several  types  of  components:  those 
which  would  be  implemented  by  the  Corps  of  Engineers;  essential  components 
that  must  be  implemented  by  the  non-Federal  sponsor;  important  components 
of  the  overall  plan  that  would  be  implemented  by  other  Federal  or  non- 
Federal  agencies  but  are  not  essential  to  the  functioning  of  other  plan 
components.  The  location  of  the  plan  components  is  shown  on  plate  M-13. 

PLAN  COMPONENTS  FOR  CORPS  OF  ENGINEERS  IMPLEMENTATION 


Three  components  would  be  implemented  by  the  Corps  of  Engineers  with 
the  cooperation  and  participation  of  non-Federal  interests:  a  raise  of 
Baldhill  Dam,  levees  and  a  flood  diversion  channel  at  West  Fargo /Riverside, 
and  a  flood  diversion  channel  from  Horace  to  West  Fargo. 

Raise  of  Baldhill  Dam 


The  raise  of  Baldhill  Dam  would  be  primarily  for  the  addition  of  flood 
control  storage  to  the  project.  Structural  modifications  to  the  existing 
project  are  required  and  would  be  made  to  comply  with  the  nam  Safety 
Assurance  Act.  The  modifications  include  a  5-foot  raise  of  the  design 
flood  pool,  about  a  5-foo't  raise  of  the  dam,  change  in  the  location  of  the 
gated  spillway,  and  change  in  the  operation  of  the  dam  during  floods. 

These  changes  would  provide  an  additional  31,400  acre-feet  for  floodwater 
storage  over  the  existng  39,600  acre-feet  of  dual-use  storage  now  avail¬ 
able  for  major  floods.  A  total  storage  of  71,000  acre-feet  would  then 
be  available  for  flood  control.  Appendix  L,  Flood  Damage  Reduction 
Alternatives,  provides  additional  discussion  on  considered  modifications 
to  Baldhill  Dam.  Appendix  B,  Hydrology,  and  Appendix  K,  Geotechnical, 
also  provide  additional  data  on  the  proposed  raise  of  Baldhill  Dam.  The 
project  would  be  operated  to  maintain  the  pool  at  elevation  1266  during 
summer  and  fall  to  ensure  that  water  is  available  for  downstream 
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water  supply  needs.  The  pool  would  be  drawn  down  as  necessary  during  fall 
and  winter  to  provide  storage  for  floodwater  during  spring  runoff.  Drawdowns 
to  the  1257  level  would  be  considered  when  severe  spring  floods  are  predicted. 
The  stored  floodwaters  would  be  released  as  quickly  as  possible  without  incur¬ 
ring  additional  damages  downstream  to  minimize  environmental  damages  in  the 
flood  pool  area  of  Lake  Ashtabula  and  to  have  the  flood  storage  available  for 
another  flood  as  soon  as  possible. 

Under  the  Dam  Safety  Assurance  Program,  major  upgrading  of  the  Baldhill 
Dam  is  required.  The  upgrading  would  result  in  major  changes  to  the  existing 
embankment  and  main  public  use  area  because  construction  of  additional  spill¬ 
way  capacity  on  the  east  abutment  is  needed.  The  5-foot  raise  of  Baldhill 
Dam  and  changes  in  the  operation  for  flood  control  would  require  the  purchase 
of  about  2,700  acres  of  lands  around  and  upstream  of  the  lake  including  the 
acquisition  of  many  cabins  and  some  farmsteads  and  seme  additional  modifica¬ 
tions  to  the  embankment  and  gated  spillway.  Many  of  the  cabins  that  would 
'be  purchased  could  be  relocated  by  the  property  owners  to  other  sites  around 
the  lake.  The  additional  flooding  of  project  lands  by  the  raise  would  re¬ 
quire  actions  to  mitigate  for  fish  and  wildlife  losses.  The  mitigation  measures 
are  described  in  Appendix  D,  Environmental  Resources;  Appendix  L,  Flood  Damage 
Reduction  Alternatives;  and  Appendix  N,  Fish  and  Wildlife  Coordination  Act 
Report.  Several  aspects  of  the  plan  that  would  enhance  the  natural  resources 
around  Lake  Ashtabula  include  control  of  the  cattle  grazing  on  Federal  property 
around  the  lake,  development  of  sub impoundments  at  the  upper  end  of  the  lake, 
and  use  of  aerators  in  the  lake. 

Levees  and  Diversion  Channel  at  West  Fargo/Riverside 

The  levees  and  divarsion  channel  at  West  Fargo/Riverside  consist  of  two 
segments  of  levees,  a  flood  diversion  channel  and  associated  control  structures, 
interior  drainage  facilities,  and  other  features  which  provide  a  very  high 
degree  of  flood  protection  (standard  project  flood)  for  the  cities  of  West 
Fargo  and  Riverside.  Additional  information  on  the  project  is  also  presented 
in  Appendix  C,  Hydraulic  Analysis  and  Interior  Drainage  Design;  Appendix  L, 

Flood  Damage  Reduction  Alternatives;  and  Appendix  K,  Geotechnical  Design 
Considerations . 
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The  operation  of  the  project  calls  for  closure  of  the  control  structures 
at  the  upstream  and  downstream  river  crossing  whenever  river  flows  or  stages 
at  Vest  Fargo  reach  damaging  levels.  Sheyenne  Ri-’er  flows  would  then  be  diverted 
through  the  diversion  channel.  During  low  and  normal  flows,  the  Sheyenne  River 
would  flow'  through  the  natural  river  channel.  The  flood  diversion  channel 
would  be  sized  to  pass  flows  comparable  to  what  the  Sheyenne  River  would  be 
capable  of  handling  with  some  form  of  effective  levees  placed  along  the  exist¬ 
ing  river  through  Vest  Fargo.  The  height  of  the  principal  levees  is  planned 
to  be  3  feet  above  the  standard  project  flood  level  through  the  area.  Drainage 
ditches  and  ponding  areas  are  included  to  handle  interior  runoff;  the  Sheyenne 
Hiver  channel  and  the  Drain  21  channel  within  the  leveed  area  would  serve  as 
ponding  areas.  The  principal  levee  on  the  west  side  of  the  diversion  channel 
would  be  a  closed  loop  completelv  encircling  the  development.  The  develop¬ 
ment  within  the  closed  loop  levee  is  primarily  commercial  and  public  facilities. 
There  are  approximately  seven  businesses,  a  historical  village  complex,  the 
county  fairgrounds,  a  motel,  and  several  other  facilities.  Access  to  the  area 
during  a  standard  project  flood  would  be  provided  to  the  east  by  the  Main 
Avenue  and  13th  Avenue  bridges.  If  the  ring  levee  would  be  overtopped  by  the 
standard  project  flood,  flood  depths  within  the  leveed  area  could  average  A 
to  6  feet.  On  the  east  side  of  the  diversion  channel,  however,  the  levee 
would  tie  back  into  high  ground  near  Interstate  Highway  94  on  the  southeast 
corner  and  the  railroad  embankment  on  the  northeast  corner.  Because  of  the 
potential  stability  problems  associated  with  the  soils,  the  levees  would  be 
set  back  away  from  major  excavations  such  ns  the  diversion  channel . 

Shelterbelts  would  be  placed  along  selected  portions  of  the  diversion 
channel  to  reduce  erosion,  reduce  the  amount  of  snow  accumulating  in  the  chan¬ 
nel,  and  provide  wildlife  habitat  diversity  in  a  generally  treeless  area.  The 
levees  and  diversion  channel  slopes  and  the  set-back  areas  between  the  channel 
and  levees  would  be  planted  with  grasses  that  would  provide  the  optimum  mix¬ 
ture  for  project  operation,  wildlife  values,  and  compatibility  with  nearby 
developments.  Features  for  enhancement  of  fish  and  wildlife  values  such  as 
increased  plantings  of  shelterbelts  for  primarily  wildlife  values  would  be 
considered  for  development  at  appropriate  locations  with  concurrence  and 
sponsorship  of  local  interests. 


Flood  Diversion  Channel  from  Horace  to  West  Fargo 

The  flood  diversion  channel  from  Horace  to  West  Fargo  would  consist  of 
an  excavated  grass-lined  channel  parallel  to  and  about  1  mile  west  of  the 
Sheyenne  River  between  Horace  and  West  Fargo.  The  inlet  to  the  channel  would 
be.  located  about  1  mile  upstream  of  Horace.  The  downstream  end  of  the  channel 
would  join  the  diversion  channel  around  West  Fargo/Riverside  on  the  north  side 
of  Interstate  Highway  94.  The  diversion  channel  would  be  operated  to  allow 
low  and  normal  flows  to  go  down  the  natural  Sheyenne  River  channel.  During 
higher  flows,  the  water  arriving  at  the  diversion  structure  would  be  divided 
with  flows  in  the  diversion  channel  gradually  increasing  as  the  total  flow 
increased  so  that  when  peak  flows  occur,  such  as  occurred  during  the  1979 
flood,  the  flows  would  be  about  split  evenly.  The  side  slope  of  the  channel 
would  be  grassed. 


PLAN  COMPONENTS  FOR  IMPLEMENTATION  BY  OTHERS  -  ESSENTIAL 

Several  plan  components  essential  to  the  operation  and  effectiveness  of 
the  plan  would  have  to  be  Implemented  by  non-Federal  interests.  These  components 
include  floodplain  regulations,  control  of  private  levee  construction,  and 
control  of  drainage. 

Floodplain  Regulations 


The  adoption  of  floodplain  regulations  where  they  do  not  now  exist  and 
enforcement  of  existing  and  newly  adopted  floodplain  regulations  by  the  non- 
Federal  agencies  which  regulate  land  use  are  essential  to  preserve  the  flood- 
carrying  capacity  of  the  floodplain  and  ensure  that  any  development  in  a  flood 
prone  area  does  not  subject  the  development  to  unwarranted  flood  risks.  The 
floodway  should  be  preserved  for  the  passage  of  large  floods.  In  the  area  down¬ 
stream  of  about  river  mile  75  of  the  Sheyenne  River  near  Kindred,  regulation 
would  include  not  only  buildings  but  all  road  construction  in  about  a  5-mile 
wide  strip  from  near  Kindred  to  the  mouth  of  the  Sheyenne  River.  Roads  raised 
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without  providing  for  floodwater-carrying  capacity  could  change  the  flood  charac¬ 
teristics  of  the  area  and  result  in  significantly  worsened  flood  damages  in 
some  areas.  Generally,  the  1-percent  chance  flood  is  used  as  the  base  flood 
for  regulation  purposes;  this  flood  should  be  used  for  all  portions  of  the 
basin  except  the  area  downstream  from  river  mile  75  where  larger  floods,  such 
as  the  standard  project  flood,  should  also  be  considered.  The  effectiveness 
and  integrity  of  the  levees  and  diversion  at  West  Fargo/Riverside  depends  on 
the  preservation  of  the  flood-carrying  capacities  of  the  upstream  and  surrounding 
areas  for  floods  iq>  to  at  least  the  standard  project  flood.  Roads  and  railroads 
in  the  area  should  not  be  raised  without  providing  for  sufficient  flood¬ 
passing  capacity.  Floodplain  regulations  would  prevent  increases  in  flood  damages 
resulting  from  new  construction  outside  protected  areas. 

Control  of  Private  Levee  Construction 


Public  regulation  of  private  levee  construction  is  necessary  to  ensure 
that  flood  levels  are  not  increased  upstream  or  downstream  of  the  private 
levees.  Any  increase  in  flood  levels  caused  by  private  levee  construction 
could  jeopardize  the  protection  provided  by  other  plan  components  and  could 
worsen  flood  damages  in  some  areas.  Individual  ring  levees  around  a  farmstead 
or  residence  which  do  not  affect  floodplain  storage  or  flood-carrying  capacities 
are  not  of  concern.  However,  any  continuous  stretch  of  levee  which  parallels 
the  river,  preventing  the  breakout  of  floodwaters,  and  appreciably  affects 
floodplain  storage  or  flood-carrying  capacities  is  of  concern  and  should  be 
regulated  in  the  public  interest.  Levee  locations  and  heights  should  be 
approved  by  the  water  resource  districts  and  the  State  of  North  Dakota  before 
levee  construction  could  commence.  The  existing  laws  of  the  State  of  North 
Dakota  appear  to  have  sufficient  authority  to  provide  adequate  regulation; 
however,  criteria  and  rules  to  be  used  in  the  levee  regulation  need  to  be 
developed. 
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Control  of  Drainage 

Public  regulation  of  drainage  is  necessary  to  prevent  increases  in  the 
frequency  or  severity  of  floods.  Uncontrolled  drainage  can  change  the  runoff 
characteristics  of  a  watershed  by  reducing  the  time  and  increasing  the  amount 
of  runoff.  In  some  cases,  the  frequency  and  magnitude  of  floods,  particularly 
in  the  moderate-sized  floods,  can  be  increased.  Increases  in  the  frequency 
and/or  magnitude  of  floods  resulting  from  uncontrolled  drainage  could  reduce 
the  effectiveness  of  the  other  plan  components.  If  drainage  is  to  occur, 
proper  control  structures  should  be  built  to  ensure  that  the  flood  characteristics 
downstream  would  not  be  adversely  affected.  North  Dakota  laws  now  require 
permits  for  any  drainage  projects  which  have  a  watershed  larger  than  80  acres. 

This  law  seems  to  provide  sufficient  authority;  however,  the  development  of 
criteria  and  rules  to  provide  effective  regulation  appear  necessary.  Control 
of  the  drainage  should  be  considered  on  a  basinwide  watershed  approach.  A 
regulation  board  or  panel  would  be  helpful  in  providing  an  effective  coordi¬ 
nated  operation  of  future  drainage  projects.  Drainage  of  any  areas  of  the 
basin  which  are  now  considered  "noncontributing"  or  contribute  runoff  only 
during  very  infrequent  events  are  of  particular  concern. 

PLAN  COMPONENTS  FOR  IMPLEMENTATION  BY  OTHERS  -  IMPORTANT  TO  ACHIEVING  OBJECTIVES 

The  remaining  plan  components  are  to  be  implemented  by  either  other 
Federal  agencies,  non-Federal  interests,  or  In  some  cases  in  part  by  the  Corps 
of  Engineers  and  are  important  to  achieve  the  overall  objectives  of  the  plan. 

These  components  include  flood  warning  and  forecasting,  flood  emergency  measures, 
flood  insurance,  multiple-purpose  dam  on  Dead  Colt  Creek,  ring  levees  at  farm¬ 
steads  and  residences,  increasing  the  floodwater  storage  capacity  of  existing 
and  drained  wetlands,  debris  removal,  flood  proofing,  encouragement,  of  public 
control/ownership  of  riverine  lands,  and  encouragement  of  more  land  treatment. 

Flood  Emergency  Measures 

For  damageable  floodplain  developments  where  other  plan  components  do 
not  reduce  flood  damages,  flood  emergency  measures  would  prevent  damages  just 
before  the  actual  floods.  These  measures  would  include  temporary  emergency 
levees  where  they  would  be  cost  effective,  particularly  at  Valley  City  and 
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Lisbon  for  those  infrequent  floods  that  would  exceed  the  capabilities  of  the 
raised  Baldhill  Dam  in  keeping  flows  below  damageable  levels.  Evacuation  of 
people  and  property  from  areas  under  threat  of  imminent  flooding  is  a  prudent 
measure  and  one  for  which  contingency  plans  should  always  be  prepared.  Federal, 
State,  and  local  funds  should  be  used  as  appropriate,  including  the  use  of 
Corps  of  Engineers  funding  for  construction  of  temporary  levees  when  necessary. 

Flood  Warning  and  Forecasting 

The  flood  warning  and  forecasting  services  of  the  National  Weather  Service 
are  necessary  for  the  proper  planning  and  preparation  for  an  anticipated  flood 
from  several  days  up  to  several  months  in  advance  depending  on  the  type  of 
flood.  This  advance  warning  is  needed  for  efficient  operation  of  flood  control 
reservoirs  and  the  timely  construction  or  upgrading  of  temporary  levees.  Ad¬ 
vance  warning  is  also  needed  for  the  operation  of  flood  diversion  channels.  How¬ 
ever,  flood  warning  and  forecasting  has  much  greater  significance  under  the 
existing  and  "future  without"  project  conditions  than  with  the  proposed  projects 
in  place.  Continuation  of  flood  warning  and  forecasting  services  would  still 
be  needed  in  the  basin. 

Flood  Insurance 


Federally-subsidized  flood  insurance  would  be  Important  for  existing  develop¬ 
ments  not  protected  by  the  proposed  plan.  However,  flood  insurance  for  new 
developments  should  be  assessed  at  actuarial  rates. 

Multiple-Purpose  Dam  on  Dead  Colt  Creek 

A  dam  and  reservoir  on  Dead  Colt  Creek  near  the  confluence  of  Dead  Colt 
Creek  with  the  Sheyenne  River  would  serve  several  purposes,  most  noticeably 
flood  control  and  recreation.  The  dam  with  a  permanent  lake  plus  additional 
floodwater  storage  would  provide  needed  water-based  recreational  opportunities 
for  residents  of  Lisbon  and  the  surrounding  area.  The  flood  control  storage 
would  assist  in  reducing  peak  flood  discharges  for  the  first  peak  in  the  down¬ 
stream  area.  When  considered  with  the  other  plan  components,  this  dam  would 
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provide  its  most  significant  flood  damage  reduction  effects  to  agricultural 
areas  from  Kindred  to  the  mouth.  The  operation  of  the  reservoir  would  have  to 
consider  the  effects  of  releases  on  downstream  areas  and  would  have  to  be 
coordinated  with  releases  from  Baldhlll  Dam  to  ensure  that  peak  flood  dis¬ 
charges  during  the  second  peak  on  the  Sheyenne  River  are  considered  in  reservoir 
operation.  This  plan  component  is  being  developed  by  non-Federal  agencies 
in  North  Dakota. 

Ring  Levees  at  Farmsteads  and  Residences 

Ring  levees  at  farmsteads  and  residences  in  rural  floodplain  areas, 
particularly  in  the  reach  from  Kindred  to  Horace  and  from  West  Fargo  to  the 
mouth  of  the  Sheyenne  River,  would  provide  protection  from  floods  to  the  re¬ 
sidents  of  existing  dwellings  outside  of  the  protection  provided  by  the  other 
plan  components.  The  concept  of  ring  levees  as  discussed  here  would  also  in¬ 
clude  other  flood  proofing  or  nonstructural  flood  damage  reduction  techniques 
that  may  be  more  appropriate  or  economical  for  specific  structures.  These 
levees  would  be  designed  to  provide  protection  from  the  base  flood  as  defined 
for  that  reach  of  the  river.  Criteria  for  the  design  of  these  levees  would 
be  anticipated  to  be  comparable  to  the  design  criteria  established  by  the  Soil 
Conservation  Service  for  this  type  of  situation.  Care  would  have  to  be  taken 
in  the  development  of  these  ring  levees  that  flood  stages  would  not  be  increased 
by  the  raising  of  a  driveway,  road,  levee,  or  other  continuous  feature  that 
would  restrict  the  flood-carrying  capacity  of  the  river.  This  measure  is  intended 
for  existing  development  only,  with  new  developments  being  controlled  by  flood- 
plain  regulations. 

The  U.S.  Soil  Conservation  Service  has  an  ongoing  program  for  these  type  of 
ring  levees  which  appears  to  be  applicable  to  these  portions  of  the  basin. 
Non-Federal  interests  would  be  instrumental  in  implementing  this  component. 

Further  evaluation  of  potential  participation  by  the  Corps  of  Engineers  could 
also  be  undertaken  through  the  feasibility  study  of  farmstead  ring  levees  in 


The  Red  River  of  the  North  basin  or  through  the  urban  study  for  the  Fargo- 
Moorhead  metropolitan  area.  At  specific  groups  of  residences,  such  as 
Harwood,  Rivertree,  and  Brooktree,  further  evaluation  for  Federal  partici¬ 
pation  through  the  Corps  of  Engineers  could  be  considerd  as  part  of  the 
small  projects  program,  under  the  ring  levee  program,  or  under  the  urban 
study  program. 

Increasing  the  Floodwater  Storage  Capacity  of  Existing  or  Drained  Wetlands 

When  considered  as  a  part  of  the  overall  plan,  the  use  of  existing  or 
drained  wetlands  for  the  storage  of  floodwaters  could  reduce  flood  discharges 
for  the  first  peak  on  the  Sheyenne  River  if  accomplished  in  sufficient 
numbers  in  the  reach  from  Kindred  to  Valley  City.  The  major  flood  control 
benefits  would  be  to  agricultural  interests  from  Kindred  to  Horace  and 
north  of  West  Fargo.  While  it  is  unlikely  that  a  large  number  of  drained 
wetlands  would  be  restored  or  existing  wetlands  would  be  modified  just 
to  provide  floodwater  storage,  it  is  probable  that  the  wetland  areas  would 
be  developed  for  their  wildlife  and  environmental  values.  When  the 
restoration  of  drained  wetlands  or  the  management  or  preservation  of 
existing  wetlands  is  being  accomplished  for  wildlife  values,  compatible 
plans  to  use  portions  of  the  wetland  for  wetland  storage  could  be  developed. 
The  U.S.  Bureau  of  Reclamation  is  considering  drained  wetland  areas  for 
restoration  and  use  as  mitigation  for  the  Garrison  Diversion  Unit.  Any 
of  these  mitigation  areas  being  considered  in  the  Sheyenne  River  basin 
should  include  the  consideration  of  multiple-use,  with  operation  of  the 
wetland  areas  for  floodwater  storage  as  well  as  fish  and  wildlife  values. 

Other  agencies,  such  as  the  Fish  and  Wildlife  Service,  should  consi¬ 
der  the  multiple-use  concept  and  inclusion  of  floodwater  storage  as  a 
purpose  of  their  wetland  acquisition  and/or  management.  Through  the 
multiple-use  of  wetlands,  storage  of  floodwaters  could  become  a  reality. 

The  placing  of  control  structures  on  existing  drains  could  also 
be  considered  under  this  concept,  with  the  entity  responsible  for 
regulation  of  the  drain  initiating  the  steps  needed  to  place  such 
controls  on  the  drain. 
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Debris  Removal 


Debris  removal  from  bridges  and  other  channel  constrictions  along  the 
Sheyenne  River  before,  during,  and^after  floods  will  help  alleviate  localized 
flooding  problems  in  the  vicinity  of  the  blocked  constriction  and  could  also 
make  a  difference  in  affecting  downstream  flooding  by  determining  how,  when, 
and  where  breakout  flows  occur.  The  debris  removal  would  be  accomplished  by 
non-Federal  interests,  probably  the  Water  Resource  Districts. 

Flood  Proofing 

Flood  proofing  should  be  considered  in  cases  of  existing  flood  prone  develop 
ments  where  the  flood  proofing  would  be  economically  feasible,  practical, 
supported  by  non-Federal  interests.  Its  use  would  be  considered  in  some  cases 
in  lieu  of  ring  levees  at  farmsteads  and  residences. 

Encouragement  of  Public  Control/Ownership  of  Riverine  Lands 

« 

Use  of  public  acquisition,  easements,  or  land  use  controls  over  riverine 
lands  could  preserve  many  of  the  natural  environment  and  floodplain  values 
associated  with  the  wooded  strips  along  the  rivers.  For  most  of  the  Sheyenne 
River  this  type  of  control  would  be  appropriate  at  the  State  or  local  level 
of  government. 

Encouragement  of  More  Land  Treatment 

Use  of  more  land  treatment  measures  throughout  the  basin  could  provide 
water  quality  and  erosion  control  benefits.  Encouragement  of  landowners  by 
non-Federal  and  Federal  interests  could  help  improve  the  aesthetic  and  environ¬ 
mental  setting  of  the  basin. 

ASSESSMENT  AND  EVALUATION  OF  THE  SELECTED  PLAN 


The  selected  plan  represents  a  comprehensive  approach  to  reducing  flood 
damages  throughout  the  basin  while  recognizing  the  environmental,  social 
well-being,  economic,  and  implementabillty  constraints  and  considerations. 
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An  assessment  and  evaluation  of  the  entire  plan  considering  all  plan 
components  would  be  beneficial.  However,  uncertainty  as  to  degree  of  implem¬ 
entation  with  several  of  the  components  scheduled  for  non-Federal  or  other 
Federal  agency  responsibility  requires  that  the  primary  assessment  and  evaluation 
consider  only  the  following  components: 

•  Raise  of  Baldhill  Dam. 

•  Levees  and  diversion  at  West  Fargo/Riverside. 

•  Flood  diversion  channel  —  Horace  to  West  Fargo. 

•  Control  of  drainage. 

•  Floodplain  regulations. 

•  Control  of  private  levee  construction. 

Flood  Damage  Reduce io n 

The  effectiveness  of  the  plan  in  reducing  flood  damages  at  various  locations 
throughout  the  Sheyenne  River  basin  is  presented  in  table  M-24.  Flood  damages 
in  the  basin  would  be  reduced  by  about  78  percent.  The  greatest  reductions 
occur  at  West  Fargo /Riverside  where  protection  is  provided  for  the  standard 
project  flood  and  damages  are  reduced  by  99  percent.  Although  reductions 
in  flood  damages  for  the  1-percent  chance  flood  in  areas  outside  of  West 
Fargo/Riverside  are  not  quantified  for  most  areas,  enforcement  of  floodplain 
regulation  in  these  areas  would  reduce  the  growth  of  future  flood  damageable 
development.  At  Valley  City,  the  raise  of  Baldhill  Dam  for  flood  control  would 
reduce  damages  for  the  1 -percent  chance  flood  about  18  percent.  However, 
greater  reductions  may  be  possible  depending  on  the  final  operating  plan 
developed  in  future,  more  detailed  studies.  Damages  would  be  reduced  in  the 
agricultural  and  residential  areas  from  Kindred  to  West  Fargo  in  greater 
amounts  than  are  shown  in  table  M-24.  Preliminary  estimates  indicate  that 
substantial  additional  benefits  would  accrue  to  the  raise  of  Baldhill  Dam  in 
these  reaches.  Implementation  of  the  other  components  such  as  jead  Colt 
Creek  Dam  and  ring  levees  at  farmsteads  and  residences  could  further  reduce 
damages  to  existing  developments.  The  damages  from  the  more  frequent  floods 
would  be  significantly  reduced,  and  damages  from  the  standard  project  flood 
would  be  less  with  the  plan  than  without  the  plan. 
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Environmental  Considerations 


The  plan  would  provide  net  benefits  to  the  environmental  quality  account 
The  levees  and  diversion  at  West  Fargo/Riverside  and  the  flood  diversion  chan 
nel  from  Horace  to  West  Fargo  with  the  grassed  areas  and  selected  areas  of 
shelterbelts  would  improve  the  environmental  quality  of  the  area.  The  raise 
of  Baldhill  Dam  would  have  some  limited  adverse  effects  because  of  temporary 
flooding  of  woodlands  and  other  habitats;  however,  the  fish  and  wildlife 
mitigation  features  of  the  project  as  well  as  several  potential  enhancement 
features  would  provide  net  environmental  benefits.  Some  of  the  more  signifi¬ 
cant  potential  enhancement  opportunities  at  Baldhill  Dam  are  (1)  the  creation 
of  shallow  marsh  impoundments  at  the  upper  end  of  Lake  Ashtabula  with  manage¬ 
ment  of  water  levels  in  the  marshes  for  fish  and  wildlife,  (2)  the  control 
of  grazing  on  project  lands,  and  (3)  the  opportunity  to  modify  slightly 
the  regulation  of  lake  levels  and  discharges  to  reduce  the  magnitude  of 
drawdowns  for  flood  control  during  the  winter  months  in  years  of  antici¬ 
pated  light  to  moderate  runoff.  The  control  of  drainage,  floodplain 
regulation,  and  control  of  private  levee  construction  should  result  in 
some  slight  positive  environmental  effects  from  the  greater  consideration 
given  to  environmental  values  associated  with  drainage  and  floodplain 
development . 

Social  Well-Being  Considerations 

The  plan  would  provide  net  benefits  to  the  social  well-being  account. 

The  improvements  to  the  quality  of  life  for  over  15,000  persons  greatly 
overshadow  the  adverse  effects  to  those  persons  relocated  or  otherwise 
affected.  Virtual  elimination  of  flood  threat  to  residents  of  West  Fargo/ 
Riverside  and  major  reductions  in  the  flood  threat  to  residents  of 
Valley  City  and  other  parts  of  the  basin  would  significantly  improve  the 
physical  and  mental  well-being  of  these  people.  About  3,300  acres  of 
land  would  be  dedicated  to  public  use,  and  100  cabins  and  residences, 

6  farmsteads,  and  2  church  camps  would  have  to  be  acquired.  Most  of 
the  property  acquisition  is  associated  with  the  raise  of  Baldhill  Dam. 
Although  the  numbers  of  persons  that  would  be  relocated  and  acres  of 
land  that  would  be  acquired  give  the  appearance  of  a  significant  social 
Impact,  most  of  the  structures  involved  are  lakeshore  cabins.  These 
cabins  are  used  periodically  throughout  the  summer  and  other  suitable 
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locations  would  be  available  around  the  lake.  Much  of  the  land  around 
Lake  Ashtabula  is  marginally  useful  as  cropland  because  of  steep  slopes 
and  low  productivity.  Several  landowners  at  the  upper  end  of  the  lake 
would  be  significantly  affected  by  acquisition  of  their  lands.  The 
Uniform  Relocation  Assistance  and  Real  Property  Acquisition  Policies 
Act  of  1970  would  be  used  for  all  properties  acquired,  thus  ensuring 
that  any  adverse  impacts  would  be  minimized.  Incorporation  of  the  ring 
levees,  wetlands,  and  Dead  Colt  Creek  Dam  components  would  provide 
additional  social  well-being  benefits  and  have  some  additional  impacts. 
The  net  effect  of  these  components  would  be  beneficial. 

Economic  Considerations 


The  plan  as  recommended  for  Federal  implementation  through  the  Corps 
of  Engineers  is  economically  justified  with  a  benefit -cost  ratio  of  7.5. 
Individually,  each  of  the  three  major  components  is  also  economically 
justified  on  a  last  added  basis. 

Compliance  with  Executive  Orders 

Various  executive  orders  and  congressional  acts  have  been  used  in 
the  planning  and  decision-making  process  and  in  the  final  development 
of  the  alternatives,  including  the  selected  plan.  The  assessments  made 
to  determine  the  compliance  of  the  selected  plan  with  Executive  Order 
11990,  Protection  of  Wetlands;  Executive  Order  11988,  Floodplain  Manage¬ 
ment;  Executive  Memorandum,  Prime  and  Unique  Farmlands;  and  the 
Endangered  Species  Act  of  1973,  as  amended  are  discussed  in  the  following 
paragraphs  and  also  in  the  Environmental  Impact  Statement. 

Executive  Order  11990,  Protection  of  Wetlands,  24  May  1977  -  The  Sheyenne 
River  basin  contains  many  important  wetlands.  In  fact,  most  of  the 
basin,  especially  the  upper  protion,  is  located  in  the  "Prairie  Pothole 
Region"  and  is  considered  significant  waterfowl  production  habitat  for 
the  North  American  continent.  Because  of  this  fact,  wetlands  protection 
and  enhancement  is  a  planning  objective  and  various  alternatives  have 
been  formulated  to  protect  these  values. 
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Various  features  of  the  selected  plan  would  affect  wetlands.  The 
most  noticeable  adverse  effects  would  result  from  the  5-foot  raise  of 
the  flood  pool  at  Lake  Ashtabula.  However,  these  impacts  are  not 
considered  significant  because  the  wetlands  are  located  at  the  upper 
end  of  the  existing  permanent  pool  and  are  expected  to  remain  in  the 
same  general  location  without  a  drastic  change  in  total  acreage. 

Various  measures  have  been  included  in  the  selected  plan  to  protect  and 
enhance  the  wetlands  of  the  basin.  These  measures  include  creating  subimpoundments 
at  Lake  Ashtabula,  restoring  wetlands  and  on-land  storage  of  water,  and  the 
control  of  future  wetland  drainage. 


The  selected  plan  is  considered  to  be  the  most  responsive  to  the  planning 
objectives  and  would  not  result  in  unacceptable  impacts  on  the  environment  or 
wetlands. 

Executive  Order  11988,  Floodplain  Management,  24  May  1977  -  This  executive 
order  requires  Federal  agencies  to  recognize  the  significant  values  of 
floodplains  and  consider  the  public  benefits  that  would  be  realized 

from  restoring  and  preserving  floodplains.  The  principal  purpose  of  this  study 
was  to  evaluate  various  methods  of  reducing  flood  damages,  and,  since  the  con¬ 
clusions  and  recommendations  of  this  study  do  affect  and  propose  changes  in 
floodplain  uses,  the  significant  values  of  the  floodplain  must  be  recognized. 

The  selected  plan  does  propose  actions  which  are  located  in  and  do  affect  the 
uses  of  the  floodplain.  The  actions  proposed  for  non-Federal  or  other  Federal 
agency  implementation  are  as  important  in  their  effects  as  the  three  actions 
proposed  for  implementation  by  the  Corps  of  Engineers.  Table  M-25  presents  the 
summary  assessment  of  the  proposed  plan  components  considering  Executive  Order 
11988.  The  components  would  provide  both  potential  beneficial  and  adverse  effects 
on  the  natural  and  beneficial  values  of  the  floodplain.  Wherever  possible,  actions 
have  been  taken  to  preserve  or  improve  floodplain  values  and  minimize  any 
potential  adverse  effects.  The  residual  adverse  effects  would  be  relatively 
minor.  The  net  effect  of  the  plan  would  be  beneficial  because  the  plan  would 
reduce  flood  damages  in  the  basin,  recognizing  the  flood  hazards  of  the  basin, 
and  would  provide  information  on  ways  to  preserve  the  natural  and  beneficial 
values  of  the  floodplain.  The  proposed  plan  of  action  represents  the  most 
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practical  alternative  plan  for  management  of  the  Sheyenne  River  flood- 
plain  and  would  comply  with  Executive  Order  11988. 

Executive  Memorandum,  Analysis  of  Impacts  on  Prime  and  Unique  Farmlands 
in  EIS,  CEQ  Memorandum,  30  August  1976  -  Much  of  the  basin,  including  the 
floodplain,  upland  areas,  and  the  Red  River  Valley  downstream  of  Kindred, 
is  classified  as  prime  farmland.  (See  plates  D-6  through  D-9  in 
Appendix  D  for  their  location.)  The  diversion  structures  would  be 
constructed  in  areas  designated  as  prime  farmland.  Secondary  impacts 
would  result  from  increased  development  because  of  reduced  flooding. 

The  commitment  of  prime  farmland  to  the  construction  of  flood  damage 
reduction  structures  is  considered  an  acceptable  tradeoff  and  use  of 
the  resource. 

Public  Law  96-156,  Endangered  Species  Act  of  1973,  as  Amended  -  In 
accordance  with  the  Endangered  Species  Act,  as  amended,  coordination 
with  the  Fish  and  Wildlife  Service  was  conducted  to  determine  the 
presence  of  any  species  included  on  the  Federal  list  of  endangered  or 
threatened  species  in  the  study  area  and  any  impacts  the  proposed  plan 
could  have  on  endangered  or  threatened  species.  The  peregrine  falcon 
and  the  bald  eagle  were  the  species  found  on  the  lists.  The  selected 
plan  components  should  have  no  adverse  effects  on  the  continued 
existence  or  critical  habitat  of  either  species. 

Coordination  and  Comments  Received  on  the  Selected  Plan 


The  results  of  the  study  were  coordinated  with  Federal  and  State 
agencies;  local  and  regional  government  entities;  and  organizations, 
groups,  and  interested  individuals.  Letters  of  comment  received  are 
printed  and  discussed  in  the  Environmental  Impact  Statement,  Appendix  A, 
and  the  main  portion  of  the  General  Reevluation  Report.  The  selected 
plan  and  its  components  generally  received  favorable  comments  from 
agencies  and  regional  interests. 


The  most  significant  adverse  comments  from  property  owners  and 
other  interests  regarding  the  raise  of  Baldhill  Dam.  A  large  number 
of  those  views  were  expressed  by  members  of  the  Evangelical  Free 
Church  concerning  purchase  of  the  Cooperstown  Bible  Camp  as  a  portion 
of  the  property  acquisition  needed  for  the  5-foot  raise  of  Baldhill  Dam. 

The  report  was  revised  to  reflect  the  comments  received.  The 
raise  of  Baldhill  Dam  was  retained  as  a  plan  component  because  the 
decision-making  process  that  led  to  inclusion  of  the  raise  recognized 
the  adverse  impacts  and  because  the  benefits  of  the  raise  are  estimated 
to  more  than  offset  the  adverse  impacts. 

Additional  information  on  cost  sharing,  implementation  responsi¬ 
bilities,  and  responses  to  comments  on  the  plan  is  in  the  main  portion 
of  this  General  Reevaluation  Report. 
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EXECUTIVE  SUMMARY 


In  October  of  1968  the  Corps  of  Engineers,  St.  Paul  Office,  completed  an 
interim  survey  report  on  the  flooding  problems  in  the  Lower  Sheyenne  River 
Valley  and  recommended  a  large  multipurpose  reservoir  in  the  vicinity  of 
Kindred,  North  Dakota.  At  the  time,  however,  there  were  some  major  concerns 
about  the  reservoir.  These  concerns  were  related  to  the  effects  of  the  reservoir 
on  surrounding  ground-water  levels  (particularly  in  the  Sheyenne  National 
Grasslands,  which  are  administered  by  the  U.S.  Forest  Service),  stability  of 
the  side  slopes  of  the  reservoir  and  the  effects  of  reservoir  storage  on  water 
quality  control.  Oesplte  these  concerns  and  resistance  from  environmental 
groups.  Kindred  Dam  was  authorized  for  construction  by  Congress  in  December  of 
1970. 

In  1976,  the  Corps  initiated  Phase  I  GDM  studies  on  the  authorized  Kindred  Dam 
project.  This  Phase  I  GDM  was  expanded  and  conducted  as  a  complete  reevaluation 
of  the  problems  and  needs  in  the  Lower  Sheyenne  Basin.  In  addition,  there  was 
a  complete  reformulation  of  the  alternatives  to  meet  those  problems  and  needs. 
Over  125  plan  elements  were  developed  to  help  solve  flood  problems  in  the  Lower 
Basin.  From  these  plan  elements  an  array  of  alternatives  were  developed  that 
would  help  solve  the  flooding  problems.  The  basic  flood  protection  measures 
developed  Included  a  levee  and  flood  diversion  channel  of  the  Sheyenne  River 
around  West  Fargo,  a  flood  diversion  channel  between  Horace  and  West  Fargo,  a 
raise  of  the  flood  pool  of  Lake  Ashtabula  and  variations  of  the  authorized 
Kindred  Dam  Plan. 

As  data  was  generated  and  evaluated  on  plan  elements  and  alternative  plans, 
specific  elements  and  combinations  of  elements  began  to  fall  out  because  of 
economic,  environmental  or  social  considerations.  The  Kindred  Dam  alternative 
eventually  dropped  from  further  consideration  and  only  the  diversions  and  a  5- 
foot  raise  of  the  flood  pool  In  Lake  Ashtabula  were  carried  forward. 

The  major  features  of  the  Selected  Plan  are  levees  and  a  flood  diversion 
channel  of  the  Sheyenne  River  around  West  Fargo,  a  flood  diversion  channel  of 
the  Sheyenne  River  from  Horace  to  West  Fargo  and  a  5-foot  raise  of  the  flood 
pool  at  Lake  Ashtabula. 

Basically,  there  is  minimal  environmental  Impacts  from  the  diversion  channels. 
They  either  follow  existing  dralnageways  or  are  routed  through  cropland.  A 
raise  of  Lake  Ashtabula  has  some  negative  environmental  effects  but  mitigation 
can  be  achieved  through  either  the  purchase  of  450  acres  of  existing  habitat  or 
managing  project  lands  around  the  reservoir.  The  Baldhlll  Dam  National  Fish 
Hatchery  will  be  seriously  Impacted  by  the  loss  of  11  rearing  ponds  and  the 
hatchery  building  with  a  raise  of  Baldhlll  Dam.  The  facilities  would  be 
replaced  as  a  part  of  the  project,  or  by  upgrading  of  Baldhlll  Dam  through  the 
National  Dam  Safety  Program. 

Overall,  the  Selected  Plan,  when  Implemented,  properly,  would  only  have  a 
negligible  Impact  on  fish  and  wildlife  resources  and  other  environmental  values. 
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United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE 
AREA  OFFICE-NORTH  DAKOTA 
1500  CAPITOL  AVENUE 

BISMARCK,  NORTH  DAKOTA  58501 

JUL2*  1982 

Colonel  Edward  G.  Rapp,  District  Engineer 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom  House 
St.  Paul ,  Minnesota  55101 

Dear  Colonel  Rapp: 

This  Fish  and  Wildlife  Report  provides  an  assessment  of  the  Lower  Sheyenne 
River  Study,  North  Dakota.  This  report  is  to  accompany  the  Corps  of  Engineers 
Report  to  Congress.  It  has  been  prepared  under  the  authority  of  and  in  accord¬ 
ance  with  the  provisions  of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat. 

401,  as  amended;  16  U.S.C.  661  et  seq.).  It  Is  also  consistent  with  the  Intent 
of  the  National  Enviroimental  Policy  Act  of  1969  (P.L.  91-190;  83  Stat.  852- 
856).  It  addresses  the  effects  of  the  various  alternative  plans  on  fish  and 
wildlife  resources,  and  conveys  recommendations  which  are  designed  to  prevent, 
mitigate  or  compensate  adverse  effects  to  these  resources.  This  report  supersedes 
our  Coordination  Act  Report  of  October  6,  1966.  Comments  on  the  conclusion  and 
recommendations  of  this  report  by  the  North  Dakota  Game  and  Fish  Department 
(NDGFD)  are  contained  in  the  attached  letter  dated  July  22,  1982,  signed  by 
Commissioner  Dale  L.  Henegar. 

Section  7(c)  of  the  Endangered  Species  Act,  87  Stat.  884,  as  amended,  requires 
that  your  agency  ask  the  Secretary  of  the  Interior,  acting  through  the  U.S. 

Fish  and  Wildlife  Service,  whether  any  listed  or  proposed  endangered  or  threatened 
species  may  be  present  In  the  area  of  each  federal  construction  project.  The 
Corps  Initiated  a  Section  7  consultation  with  the  Service  that  covered  the 
peregrine  falcon  (Falco  peregrlnus)  bald  eagle  (Haliaeetus  leucocephalus)  and 
the  Dakota  sklpperTHesperla  dacotae) .  After  reviewing  the  Corps1  biological 
assessment,  the  Service  agreed  that  none  of  the  alternatives  would  affect  bald 
eagles  or  the  peregrine  falcon,  but  the  Kindred  Dam  alternative  would  likely 
affect  the  Dakota  skipper.  The  Dakota  skipper,  however,  has  been  removed  from 
the  proposed  species  list. 

A  Department  of  the  Army  permit,  issued  pursuant  to  Section  404  (P.L.  92-500) 
and  Section  10  of  the  Rivers  and  Harbors  Act  of  1899,  may  be  required  for  the 
placement  of  fill  material  Into  the  Sheyenne  River  for  the  construction  of  the 
diversions  or  placing  a  dam  on  Dead  Colt  Creek.  A  final  Environmental  Impact 
Statement  (EIS)  for  a  federal  project  must  be  submitted  to  Congress  before  the 
discharge  of  dredged  or  fill  material  Into  waters  of  the  United  States,  and 
prior  to  either  authorization  of  the  project  or  an  appropriation  of  funds  for 
such  construction.  The  EIS  must  cover  all  issues  ;hat  are  similarly  addressed 
In  the  application  of  a  Section  404  permit. 

In  the  view  of  the  Service,  the  Corps  of  Engineers  Is  In  compliance  with 
Executive  Order  11988,  Floodplain  Management,  and  Executive  Order  11990, 

Protection  of  Wetlands,  for  construction  of  the  Selected  Plan.  While  construction 
takes  place  on  the  Sheyenne  River  floodplain  and  does  Involve  wetlands,  wildlife 
t  .ibltat  and  other  environmental  values  should  not  be  seriously  affected  provided 
'-litigation  recommendations  are  accepted  and  implemented. 
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Our  recommendations  and  associated  costs  for  mitigating  and  compensating  project- 
induced  fish  and  wildlife  losses  are  consistent  with  the  Presidential  Directive 
(of  June  1978)  on  environmental  quality  and  water  resources  management.  That 
directive  states: 

In  all  project  construction  appropriation  requests,  agencies  shall 
include  designated  funds  for  all  environmental  mitigation  required 
for  the  project  and  shall  require  that  mitigation  funds  be  spent 
concurrently  and  proportionately  with  construction  funds  throughout 
the  life  of  the  project. 

DESCRIPTION  OF  THE  AREA 

The  Sheyenne  River  Basin,  7,320  square  miles  in  size,  is  part  of  the  Red  River 
of  the  North  drainage.  Originating  In  Sheridan  County,  North  Dakota,  the 
Sheyenne  flows  568  miles  through  16  counties  before  entering  the  Red  River  10 
miles  north  of  Fargo.  The  average  gradient  along  its  length  is  1.5  feet  per 
mile.  The  three  main  tributaries  of  the  Sheyenne  River  are  Baldhill  Creek, 

Maple  River  and  Rush  River.  The  only  major  impoundment  on  the  Sheyenne  is  Lake 
Ashtabula  (pool  capacity  70,000  acre- feet).  Sheyenne  River  flows  are  variable. 
The  maximum  flow  at  Kindred  for  the  30-year  period  of  record  was  4,690  and  the 
minimum  flow  was  13  cfs. 

Approximately  70  percent  of  the  land  In  the  Sheyenne  Basin  is  cultivated. 

While  wheat  Is  the  principal  crop,  com,  sunflowers  and  alfalfa  are  becoming 
more  common.  Livestock  production  is  intensive  and  feedlots  are  common  through 
the  entire  valley.  Annual  precipitation  in  the  Sheyenne  Basin  averages  18.15 
Inches.  Flooding,  caused  largely  by  snowmelt,  occurs  in  the  late  winter  and 
early  spring.  Highest  monthly  precipitation  is  in  June  with  an  average  of  3.5 
Inches.  The  growing  season  averages  122  days.  Glacial  till  soils  characterize 
the  Red  River  Valley  lands  and  portions  of  the  Sheyenne  Basin  above  Valley 
City.  These  lands  are  fanned  extensively.  The  mid-section  of  the  basin  between 
the  towns  of  Kindred  and  Valley  City  is  sandy  and  subject  to  considerable  wind 
erosion. 

There  are  many  state  and  federal  fish  and  wildlife  areas  in  the  Sheyenne 
Valley.  Most  prominent  are  the  Valley  City  and  Baldhill  Dam  National  Fish 
Hatcheries  (administered  by  the  U.S.  Fish  and  Wildlife  Service)  and  the  Sheyenne 
National  Grasslands  (administered  by  the  U.S.  Forest  Service).  An  important 
state  area  is  the  Mirror  Pool  Wildlife  Management  Area  (WMA). 

DESCRIPTION  OF  THE  PROJECT 

Although  the  Selected  Plan  contains  six  separate  elements,  only  the  first  three 
have  a  probability  for  federal  Involvement  through  the  Corps  of  Engineers.  The 
remaining  three  elements  have  the  greatest  probability  for  implementation 
through  other  federal  programs  or  through  nonfederal  Interests.  Should  any  of 
the  last  three  plan  elements  be  implemented  through  other  federal  programs,  we 
would  then  become  again  involved  in  these  projects  and  provide  technical  Input 
as  needed. 


N-4 


3 


The  Selected  Plan  contains  these  major  features: 

*  Levees  and  diversion  of  the  Sheyenne  River  around  West  Fargo  (M-30  to  M-24). 

*  A  flood  diversion  channel  of  the  Sheyenne  River  from  Horace  to  West  Fargo  (M- 
42  to  M-30). 

*  A  5-foot  raise  of  the  flood  pool  in  Lake  Ashtabula. 

*  Wetland  restoration  (includes  on  land  water  storage,  control  of  legal  drains 
and  increasing  floodwater  storage  capacity  of  existing  wetlands). 

*  Tributary  dam  at  Dead  Colt  Creek. 

*  Ring  levees  at  farmsteads  and  residences  from  Kindred  to  Horace  and  West 
Fargo  to  the  Red  River. 

The  Selected  Plan  features  levees  around  West  Fargo/Riverside  capable  of  providing 
protection  from  occurrence  of  a  standard  project  flood,  plus  a  flood  diversion 
channel.  In  addition,  another  flood  bypass  channel  would  be  constructed  from 
Horace  to  West  Fargo  capable  of  carrying  1,700  cfs.  The  management  of  Bladhill 
Dam  would  stay  at  the  same  conversion  pool  elevation  (1 ,266  feet) ,  but  5  feet 
of  flood  pool  would  be  added  (elevation  1,271  feet). 

Drained  wetlands  would  be  restored  and  the  capacity  of  existing  wetland  could 
be  increased.  A  mul ti purpose  dam  on  Dead  Colt  Creek  would  be  constructed  by 
the  North  Dakota  Water  Commission.  Ring  levees  around  farmsteads  and  residences 
would  be  constructed  by  the  Soil  Conservation  Service,  state  and  local  entities, 
from  Kindred  to  Horace  and  from  West  Fargo  to  the  Red  River. 

Evaluation  Methodology 

The  primary  method  used  to  evaluate  wildlife  habitat  associated  with  the 
various  alternative  plans  was  the  Habitat  Evaluation  Procedures  (HEP),  revised 
March  1976.  The  Corps  of  Engineers,  ND6FD  and  the  Fish  and  Wildlife  Service 
(FWS)  participated  in  the  development  of  the  HEP  data  used  in  project  analysis. 

HEP  takes  a  habitat  approach  to  impact  assessment  and  provides  a  method  of 
describing  baseline  conditions  and  predicting  future  habitat  conditions  in 
terms  of  habitat  quality  and  quantity.  This  is  accomplished  by  inventorying 
baseline  conditions  and  predicting  and  analyzing  land-use  impacts  on  wildlife 
habitat  and  carrying  capacity.  The  Habitat  Suitability  Index  (HSI)  is  the 
basic  parameter  used  in  habitat  evaluation  to  describe  habitat  quality.  The 
HSI  for  a  species  is  assumed  to  be  proportional  to  the  carrying  capacity  of  the 
habitat  for  that  species  (evaluation  element).  The  product  of  the  HSI  (habitat 
quality)  and  the  area  of  the  cover  type  (habitat  quantity)  is  the  Habitat  Unit. 

Habitat  evaluation  of  project  Impacts  is  based  on  this  preliminary  data  from: 

(1)  present  land-use  and  project  land-use  changes;  (2)  engineering  designs 
relevant  to  the  alternative  project  plans;  (3)  areas  of  various  cover  types; 
and  (4)  baseline  data  on  existing  habitat  quality  and  quantity. 
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Individual  species  are  selected  for  each  cover  type  and  used  as  evaluation 
elements  in  the  determination  of  habitat  quality.  The  final  list  of  evaluation 
elements  developed  for  the  Lower  Shevenne  River  Study  includes  species  that 
were:  (1)  economically  important;  (2)  of  high  public  interest;  (3)  good  indicators 
of  habitat  quality;  and/or  (4)  of  particular  interest  due  to  restricted  range, 
high  vulnerability  or  unique  habitat  requirements. 

In  most  instances,  species  were  selected  that  occupied  a  wide  variety  of 
niches.  In  selecting  birds  for  the  various  habitat  types,  Stewart's  "Breeding 
Birds  of  North  Dakota"  has  a  good  species  list  for  the  habitats.  Key  mammal 
species  were  similarly  selected  from  other  lists  and  references. 

Once  the  key  species  were  selected,  a  handbook  was  developed  that  contained  the 
life  requirements  of  these  species  (the  handbook  is  available  in  the  Bismarck 
Area  Office).  The  material  for  this  handbook  came  from  literature  searches, 
scientific  abstracts  and  publications  on  the  selected  species.  This  material 
was  taken  to  the  field  and  the  habitat  types  evaluated  were  compared  with  the 
species  criteria  and  rated  accordingly.  A  0  to  1  scale  was  used  with  1  representing 
optimal  habitat.  The  suitability  of  a  terrestrial  cover  type  for  a  particular 
species  was  determined  by  observing  various  habitat  characteristics  and  determining 
the  degree  to  which  they  met  the  life  requirements  of  the  species  being  evaluated. 
The  habitat  characteristics  utilized  were  those  that  are  important  to  the 
survival  and  well-being  of  the  species,  including:  (1)  cover  type  criteria  that 
relate  directly  to  the  life  requisite  needs  provided  by  the  cover  type;  (2) 
Interspersion  criteria  that  measure  the  spatial  relationships  between  the  cover 
type  being  sampled  and  other  cover  types  that  are  also  necessary  to  meet  life 
requisite  needs  of  the  evaluation  elements;  and  (3)  criteria  such  as  noise  and 
other  human  disturbance  factors. 

Losses  in  the  flood  pool  of  Lake  Ashtabula  were  calculated  on  the  basis  of 
frequency  of  inundation,  duration  of  flooding,  time  of  flooding  and  location  of 
habitat  types  in  the  flood  pool.  This  procedure  was  adapted  from  a  report  by 
the  Environmental  Resources  Branch,  Corps  of  Engineers,  St.  Paul,  entitled 
"Assessment  of  Flood  Damages  Due  to  Flooding:  A  Proposed  Methodology".  Using 
this  procedure,  we  were  able  to  calculate  the  average  annual  habitat  losses  in 
habitat  units. 

For  the  purpose  of  our  evaluation,  the  team  assumed  that  without  the  project 
there  would  be  no  change  in  deciduous  hardwoods  or  wetland  habitat  in  the 
Immediate  project  area.  The  team  also  assumed  that  cropland  would  change  to 
old  field  In  the  period  of  time  It  takes  for  the  land  to  be  purchased  and  the 
dam  constructed.  In  that  Interim  period,  the  value  of  the  cropland  would  be 
reduced  to  zero,  but  as  grassland  It  would  begin  to  rise  In  value  until  the 
first  flood  event.  These  habitat  types  were  combined  because  of  the  similar 
habitat  characteristics  they  would  have  at  the  first  flood  event.  Also  the  key 
species  were  similar  for  both  habitat  types  and  the  HSI  for  cropland  and 
grassland  were  essentially  the  same. 

After  evaluating  each  sample  site  of  a  given  habitat  type,  the  scores  were 
added  for  each  species  and  divided  by  the  number  of  sample  sites.  This  gave  an 
average  HSI  value  for  that  particular  species.  These  species  values  were  then 
added  together  and  divided  by  the  total  number  of  species.  This  yielded  an 
average  HSI  value  for  that  particular  habitat  type.  That  value  Is  the  basis  of 
all  future  calculations. 
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For  example,  the  HSI  of  deciduous  hardwoods  was  .60  in  the  raise  of  the  Lake 
Ashtabula  alternative.  When  .60  was  multiplied  by  the  total  hardwood  (170) 
acres  affected,  the  product  was  in  habitat  units  (102).  At  this  point  we 
developed  a  management  increment  for  the  existing  woodlands.  Basically,  this 
is  the  difference  between  the  value  of  the  existing  habitat  and  maximum  value 
of  the  habitat  if  it  were  intensively  managed  for  wildlife.  At  Lake  Ashtabula 
the  maximum  potential  value  of  the  habitat  was  .85.  It  is  .85  rather  than  one 
(1)  because  intensive  management  for  one  species  would  be  at  the  expense  of  one 
or  more  species.  As  a  result,  even  though  it  is  possible  to  achieve  a  rating 
of  one  (l)  for  individual  species  when  these  values  are  pooled  and  divided  by 
the  number  of  elements  for  each  habitat  type,  the  value  will  generally  be  less 
than  one  (1).  In  this  case  the  management  increment  is  .25  (.85-. 60).  The 
total  number  of  average  annual  habitat  units  lost  (this  is  a  function  of  flood 
frequency  duration)  divided  by  the  management  increment,  yields  the  total  acres 
of  existing  habitat  that  are  needed  to  compensate  the  habitat  lost.  This 
method  of  evaluation  assumes  that  existing  habitat  will  be  used  to  replace 
losses. 


FISH  AND  WILDLIFE  RESOURCES  WITHOUT  THE  PROJECT 

A  detailed  description  of  fish  and  wildlife  resources  in  the  Sheyenne  Basin  was 
transmitted  to  the  Corps  of  Engineers  in  a  report  dated  November  19,  1980. 

Since  a  5-foot  raise  of  the  flood  pool  in  Lake  Ashtabula,  and  diversions  of  the 
Sheyenne  River  around  West  Fargo  and  from  Horace  to  West  Fargo  are  all  that  are 
being  considered  for  the  Corps'  involvement  in  the  Selected  Plan,  our  discussion 
will  be  limited  to  those  plan  elements. 

Aquatic  Resources.  Lake  Ashtabula  provides  a  diverse  fishery  for  the  area 
anglers.  While  walleyes,  northern  pike  and  muskel lunge  offer  a  good  sport 
fishery,  yellow  perch,  white  bass  and  black  bullheads  are  the  dominant  species 
harvested.  Since  1953,  Lake  Ashtabula  has  supported  a  sporadic  commercial 
fishery  for  black  bullheads,  white  suckers  and  yellow  perch.  Fish  from  Lake 
Ashtabula  annually  provide  the  source  of  about  14,000,000  northern  pike  and 
10,000,000  walleye  eggs  for  the  Valley  City  National  Fish  Hatchery.  Fish 
produced  from  these  eggs  are  stocked  in  Lake  Ashtabula  as  well  as  other  lakes 
both  in  North  Dakota  and  other  states. 

The  fishery  at  Lake  Ashtabula  can  be  expected  to  decline  slightly  in  the 
future  if  unregulated  wetland  drainage  and  feedlot  effluent  continue.  These 
conditions  hasten  eutrophication.  Lake  Ashtabula  has  already  been  characterized 
as  having  the  poorest  water  quality  of  any  major  impoundment  in  the  state. 
Continual  adding  of  nutrients  can  only  worsen  an  already  bad  situation.  In  the 
winter  of  1978-79,  partial  winterkill  occurred  in  the  lake  due  to  low  oxygen 
levels.  The  additional  nutrients  and  resultant  poor  water  quality  will  create 
unfavorable  conditions  for  continued  fish  survival.  Total  winterkill  can  be 
the  result  if  water  quality  continues  to  decline  and  low  oxygen  levels  occur. 

The  NDGFD  survey  Indicate  the  yearly  average  angler  use  for  Lake  Ashtabula  from 
1969  to  1975  was  45,068  days  or  about  50  percent  of  the  total  angling  effort  in 
the  state.  Although  highly  variable,  winter  ice  fishing  comprises  about  15 
percent  of  the  total  angling  effort  in  the  lake. 
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Terrestrial  Resources.  Although  some  good  wildlife  habitat  exists  around  the 
margin  of  Lake  Ashtabula,  a  majority  of  it  is  of  medium  to  low  value  for 
wildlife.  This  is  due  primarily  to  recreational  development  and  intensive 
grazing.  This  habitat  corresponds  to  Resource  Category  No.  4  as  described  in 
the  Fish  and  Wildlife  Service  Mitigation  Policy.  The  habitat  is  of  medium  to 
low  value  for  the  evaluation  species. 

Five  broad  habitat  types  were  identified  in  the  Lake  Ashtabula  area.  They  were 
woodlands,  shrublands,  grasslands  and  croplands,  and  wetlands.  Representative 
wildlife  are  listed  in  Table  1. 

Table  1  contains  a  list  of  key  species  that  were  used  to  evaluate  the  habitat. 
As  described  in  the  "Evaluation  Methodology"  section,  species  selection  was 
based  on  their  dependence  of  that  habitat  type. 

Table  1:  Key  Species  List  By  Habitat  Type 

Hardwoods 


White- tailed  Deer 
Fox  Squirrel 
Least  Flycatcher 
Downy  Woodpecker 
Red  Fox 

Great  Horned  Owl 
Cooper's  Hawk 
Raccoon 

Shrubl and 


Bui  1  snake 
Brown  Thrasher 
Gray  Catbird 
Red  Fox 

Long-tailed  Weasel 
Grasshopper  Mouse 
American  Goldfinch 
Meadow  Vole 
White- tailed  Deer 
Gray  Partridge 

Grassland 


Red  Fox 
Meadowlark 
White-tailed  Deer 
Prairie  Vole 
Mallard 

Eastern  Kingbird 
Pintail 

Savannah  Sparrow 


Odocoileus  virginianus 
Sciurus  niger 
Empidonax  minimus 
Plcoides~pubescens 
Vulpes  fuTva 
Bubo  virginianus 
Accipiter  cooperii 
Procyon  lotor 


Pi tu phis  melanoleucus 
toxostoma  rufum 
Dumetel  1  a~  carol  inensis 
Vulpes  fu'lva 
Mustek  a~frenata 
Onychomys  leucogaster 
Carduens  tristjs 
Microtus  pennsylvanicus 
Odocoileus  virginianus 
Perdix  perdix 


Vulpes  fulva 

Sturnel'la  nealecta 

Odocoilue's  yirgini'anus 

Microtus  ochrogaster 

Anas  platyrhynchos  platyrhynchos 

Tyrannus  tyrannus 

Anas  rubrfpes 

Ammod ramus  sandwichensis 
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Cropland 

Gray  Partridge 
Meadowlark 
Mourning  Dove 
Red  Fox 

White- footed  Mouse 
Grasshopper  Mouse 
Vesper  Sparrow 

Wetland 


Marsh  Hawk 
White-tailed  Deer 
Mallard 
Pintail 
Red  Fox 

Long-tailed  Weasel 
Mink 


Perdix  perdix 
Sturnelia  neglecta 
Zenaidura'  macroura 
Vulpes  fu'lva 
Peromyscus  leucopus 
Qnychomys~  1  eucogaster 
Pooecetes  qramineus 


Circus  cyaneus 

Odocoileus  virg ini  anus 

Anas  platyrhynchos  platyrhychos 

Anas  rubripes 

Vulpes  fulva 

Mu  stela  frenata 

Mus tel  a  vison 


Woodlands  -  This  habitat  type  could  more  accurately  be  described  as  wooded 
pasture  since  this  is  the  primary  use.  The  170  acres  of  this  habitat  type 
comprises  about  14  percent  of  the  habitat  at  the  1271  msl  contour  elevation. 
Primary  tree  species  are  green  ash  (Fraxinus  pennsylvanica) ,  boxelder  (Acer 
negundo) ,  American  elm  (Ulmus  ameri canal  and  basswood  (Til ia  americana) .  In 
this  habitat  type,  the  understory  was  sparse  and  ground  cover  was  limited  to 
bluegrass,  thistle,  milkweed  and  stinging  nettle.  Generally  the  wooded  areas 
were  limited  to  the  upper  end  of  the  reservoir. 


Wet! ands  -  This  habitat  type  was  very  common  and  occurred  in  a  5  to  10  foot 
fringe  around  the  upper  end  of  the  reservoir,  in  the  draws  entering  the  reservoir 
and  a  large  marsh  at  the  upper  end  of  the  conservation  pool.  It  was  the  most 
common  habitat  type  and  comprised  about  563  acres  or  46  percent  of  land  to 
elevation  1271  msl.  Plant  species  consisted  primarily  of  cattail  (Typha  sp.), 
bulrush  (Scirpus  sp.)  and  cordgrass  (Spartlna  sp.).  Much  of  the  wetland  fringe 
had  been  tramp! ed  or  eaten  by  livestock.  Usually  heavily  grazed  pasture 
bordered  the  wetlands. 

Grass! and  -  Grasslands  in  the  project  area  are  used  primarily  for  pasture. 

This  was  the  second  most  common  habitat  type  and  comprises  474  acres  or  39 
percent  of  the  land  to  elevation  1271  msl.  Bluegrass  accounted  for  as  much  as 
90  percent  of  the  plant  composition.  Other  plants  such  as  milkweed  (Ascleplas 
svriaea),  leadplant  (Amorpha  canescens),  sage  (Artemisia  sp.),  wbeatgrass 
(Agropyron  smlthll),  goldenrod  (Solldago  altissTma),  and  leafy  spurge  (Euphorbia 
esul a }  are  common.  Other  prairie  type  plants  like  conef lower  (Ratibida  sp.),  ~ 
blue  gramma  (Bouteloua  gracilis)  and  big  blue  stem  (Andropogon  gerardiT  are  not 
uncommon.  Intensive  grazing  to  the  point  of  overgrazing  Is  common  In  this 
area.  It  gave  the  grasslands  (pasture)  a  golf  course  type  appearance.  Although 
cropland  was  evaluated,  this  was  combined  with  grassland  since  cropland  (about 
15  percent  of  the  total  area)  would  change  to  grassland  (old  field)  If  the 
project  were  constructed. 
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Shrub] and  -  This  habitat  type  occurred  In  scattered  patches  throughout  the 
project  area.  Most  could  be  described  more  accurately  as  shrub  draws  or 
hillside.  This  type  comprised  approximately  1  percent  of  the  total  habitat  to 
1271  msl.  Where  this  type  did  occur,  it  provided  good  quality  habitat  for 
wildlife.  A  majority  of  the  shrub  patches  occurred  in  odd  corners  or  on  an 
isolated  hillside,  thus  cattle  had  not  degraded  them. 

Common  plant  species  include  chokecherry  (Prunus  vlrginiana),  buffaloberry 
(Shepherdia  argentea),  black  ash  (Fraxinus  nigra),  juneberry  (Amelanchier  sp.), 
honeysuckle  (Lonicera  sp.),  and  a  good  mixture  of  prairie  grasses  and  herbaceous 
plants. 

Data  in  Table  2  contains  the  habitat  types,  acreages,  HSI  and  average  annual 
equivalent  losses  in  HU's  and  acres  for  a  5-foot  raise  of  the  flood  pool  at 
Lake  Ashtabula.  All  habitats  rated  average  or  slightly  below  for  the  species 
we  evaluated.  No  net  changes  in  habitat  or  habitat  values  are  anticipated  in 
the  future.  Conversion  of  grasslands  or  woodlands  to  cropland  will  probably 
not  occur  because  of  the  topography  of  the  area. 

Table  2:  5-foot  Raise  of  the  Flood  Pool  at  Lake  Ashtabula 


Habitat  Type 

Total  Acres 
of  Habitat 
Available 

H.S.I. 

Value 

Habitat 

Units 

Average  Ann. 
Equiv.  Loss 
in  HU’s 

Average  Ann. 
Equiv.  Loss 
in  Acres 

Woodlands 

170 

.60 

102 

73 

122 

Grasslands 

474 

.36 

171 

68 

189 

Shrublands 

7 

.61 

4 

1 

2 

Wetlands 

563 

.54 

304 

0 

0 

TOTALS 

1,214 

581 

142 

313 

-ne  :.0GFD  also  has  set  up  some  waterfowl  rest  areas  with  landowners  along  the 
"eservoir.  The  size  of  these  can  vary  from  year  to  year,  but  basically  provide 
refuge  for  migrating  waterfowl  during  the  fall  hunting  season. 

Habitat  data  obtained  In  the  HEP  analysis  came  from  wide  ranging  locations  in 
the  Sheyenne  Basin.  Making  a  general  comparison,  the  woodland  and  grassland 
habitat  rated  much  lower  around  Lake  Ashtabula  than  anywhere  else  in  the 
basin.  While  woodlands  In  North  Dakota  comprise  only  about  1  percent  of  the 
total  land  area  in  the  state,  they  provide  essential  habitat  for  many  wildlife 
species. 

EVALUATION  OF  ALTERNATIVE  PLANS 

Since  1976,  the  Service  has  been  Involved  in  a  continuing  evaluation  of  the 
Lower  Sheyenne  River  Study.  Basically,  this  Involved  the  evaluation  of  over 
125  plan  elements  that  were  developed  as  potential  solutions  to  the  flood 
problems  in  the  Lower  Basin.  Only  a  large  raise  (10-25  feet)  of  Lake  Ashtabula, 
Kindred  Dam,  a  tributary  dam  on  Dead  Colt  Creek  and  Timber  Coulee  were  likely 
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to  have  adverse  impacts  on  fish  and  wildlife  resources.  Although  the  Kindred 
Dam  and  Timber  Coulee  Dam  were  subsequently  dropped  from  further  consideration, 
they  bear  mentioning  here  because  of  their  importance  throughout  the  entire 
evaluation. 

Lake  Ashtabula  -  Orginally  evaluated  as  a  much  larger  raise  (10  to  25  feet) 
this  was  subsequently  scaled  down  because  of  social,  economic  and  environmental 
considerations.  A  raise  of  25  feet  in  the  flood  pool  would  cause  relocations 
of  all  of  cabins  and  public  campgrounds  would  be  flooded  and  5,500  acres  of 
wildlife  habitat  would  have  been  adversely  affected.  Mitigation  requirements 
would  have  been  about  3,500  acres. 

Kindred  Dam  -  Authorized  as  a  multi pie- purpose  project  with  a  permanent  pool, 
the  kindred  Dam  was  later  evaluated  as  a  flood  control  structure  (dry  dam). 

The  elevation  at  the  bottom  of  the  dam  was  930  msl  and  the  top  was  1015  msl. 
Approximately  9,000  acres  of  wildlife  habitat  would  have  been  affected  by  this 
proposal.  It  made  little  difference  in  the  quantity  of  habitat  affected 
between  the  wet  (permanent  pool)  and  dry  dam  proposals  since  the  inundation 
period  In  the  dry  dam  still  destroyed  much  of  the  vegetation,  especially  at  the 
lower  elevations. 

Over  4,000  acres  of  the  habitat  being  affected  was  hardwoods.  Mitigation  for 
habitat  loss  was  approximately  7,000  acres.  About  6,000  acres  of  mitigation 
was  needed  for  hardwood  (woodland)  replacement  alone.  Since  the  best  woodlands 
In  the  Sheyenne  Basin  would  have  been  destroyed,  finding  suitable  replacement 
habitat  was  difficult.  It  was  calculated  that  all  remaining  woodlands  in  the 
lower  basin  would  have  to  be  protected  and  managed  for  wildlife  if  an  equitable 
mitigation  plan  was  Implemented  that  covered  all  woodland  losses. 

In  addition,  the  Mirror  Pool  WMA  (547  acres),  which  is  managed  by  the  NDGFD, 
would  have  been  lost  to  the  project.  This  area  is  unique  for  two  reasons.  The 
primary  one  being  that  It  contains  a  series  of  spring  fed  ponds  in  the  midst  of 
a  contiguous  stand  of  hardwoods.  This  unique  combination  of  habitats  is  not 
duplicated  anywhere  else  In  the  state.  The  second  feature  of  this  area  is  that 
It  Is  controlled  by  the  NDGFD  and  dedicated  to  wildlife  management.  Any 
riverine  habitat  in  public  ownership  Is  rare  along  the  Sheyenne  River.  In 
addition,  many  plant  and  animal  species  found  in  this  area  are  not  found  anywhere 
else  In  the  state. 

The  federally  managed  Sheyenne  National  Grasslands  could  potentially  be  affected 
by  a  raise  of  ground  water  In  the  vicinity  of  Kindred  Dam.  Some  upland  habitat 
would  be  changed  to  a  sedge-wet  meadow  community.  Composition  of  animal 
species  would  likewise  change. 

The  Kindred  Dam  alternative  was  the  most  environmentally  damaging  of  any 
alternative  studied. 

Timber  Coulee  and  Dead  Colt  Creek  -  Small  flood  control  dams  on  tributaries  to 
the  Sheyenne  River  were  originally  envisioned.  Local  groups  later  requested 
that  the  dam  on  Dead  Colt  Creek  be  multipurpose  with  a  permanent  pool. 
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Table  3:  The  relationship  of  the  plan  elements  to  the  NED,  EQ  and  Selected  Plans. 


Plan  Elements 

NED 

EQ 

Selected 

Plan 

Levees  and  diversion  at  West  Fargo/ Riverside. 

X 

X 

X 

Floodway/diversion  from  West  Fargo  to  Horace. 

X 

X 

X 

Raise  Baldhill  Dam  5  feet. 

X 

X 

Mul tipi e- purpose  reservoir  at  Dead  Colt  Creek. 

X 

Ring  levees  at  farmsteads  and  residences  from  Kindred  to  the 
mouth  of  the  Sheyenne  River. 

X 

X 

X 

Restore  drained  wetlands  and  increase  the  size  of  existing 
wetlands  in  the  basin  between  Baldhill  Dam  and  Kindred, 
including  onland  storage  and  control  of  legal  drains 
(selected  wetland  areas  only). 

X 

X 

Flood-plain  regulations. 

X 

X 

X 

Flood proofing. 

X 

X 

Flood  warning  and  forecasting. 

X 

X 

X 

More  strlnqent  control  on  private  levee  construction. 

X 

X 

X 

More  strlnqent  control  on  drainage. 

X 

X 

X 

Grassed  waterway  in  and  alonq  the  diversion  channel. 

X 

X 

Shelterbelts  at  selected  locations  along  the  diversion  channel. 

X 

X 

Control  grazing  and  cattle  access  at  Lake  Ashtabula. 

X 

X 

Investigate  construction  of  subimpoundments  at  Lake  Ashtabula. 

X 

X 

Investigate  use  of  aerators  at  Lake  Ashtabula. 

X 

X 

Where  practical,  encourage  public  landownership/easement  of 

X 

X 

riverine  lands  through  programs  such  as  state  or  federal 
wild,  scenic  and  recreational  rivers  designation  or 
development  of  state  parks  or  forests,  etc.,  for  suitable 
reaches  of  the  Sheyenne  River. _ 


Encourage  the  use  of  more  land  treatment  measures  in  the 
watershed,  including  stock  ponds,  shelterbelts,  con¬ 
servation,  tillage,  etc. 

X 

X 

Revised  management  of  Baldhill  Dam.  X 

Emergency  flood  protection  measures  at  Valley  City  and  Lisbon. 

X 

Flood  insurance  made  available. 

X 

Investigate  low  flow  augmentation  downstream  of  Lake  Ashtabula 
for  fishery  and  water  quality. 

X 

Flood  emergency  plans.  X 
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Dead  Colt  Creek  and  Timber  Coulee  are  intermittent  streams  that  do  not  support 
any  fishery.  At  the  elevations  of  1155  and  1160,  they  would  inundate  340  acres 
and  238  acres,  respectively,  of  low  value  wildlife  habitat. 

Timber  Coulee  has  been  dropped  from  further  consideration  and  the  ND  State 
Water  Commission  is  working  with  local  supporters  of  the  Dead  Colt  Creek  plan. 

Development  of  NED  and  EQ  Plans 

After  all  plan  elements  were  evaluated,  various  alternatives  were  developed  as 
solutions  to  the  flood  problems  in  the  Lower  Sheyenne  Basin.  Through  changes 
and  refinement,  parts  of  the  alternatives  became  the  National  Economic  Development 
(NED)  Plan,  Environmental  Quality  (EQ)  Plan  and  Selected  Plan.  Table  3  contains 
a  complete  array  of  plan  elements  that  comprise  the  NED,  EQ  and  Selected 
Plans. 

The  first  three  plan  elements  in  Table  3  have  the  greatest  probability  of 
implementation  through  the  Corps  of  Engineers.  The  next  three  plan  elements 
have  some  flood  control  benefits,  but  would  not  be  constructed  by  the  Corps. 

The  remaining  plan  elements  have  some  value  in  reducing  flood  losses  or  have 
beneficial  environmental  effects,  but  the  Corps  is  recommending  these  to  other 
federal  or  nonfederal  interests  for  implementation.  All  are  helpful  in  reducing 
floods. 


EFFECTS  OF  THE  SELECTED  PLAN  ON  FISH  AND  WILDLIFE  RESOURCES 


The  major  plan  elements  of  the  Selected  Plan  are  contained  in  Table  4.  This 
table  shows  the  effect  of  each  element  on  fish  and  wildlife  resources.  While 
federal  involvement  through  the  Corps  of  Engineers  will  be  limited  to  the  first 
three  elements,  our  evaluation  will  consider  the  effects  of  all  the  plan 
el ements . 

Table  4:  Effects  of  Selected  Plan  on  Fish  and  Wildlife  Resources 

Habitat  Stream 

_ Plan  Elements _ Acres  Affected  Wiles  Affected  Mitigation 


Levee  &  Diversion  Around  West 
Fargo  (M-30  -  M-24) 

Floodway  &  Diversion  Horace  to 
West  Fargo  (M-24  -  M-30) 

Flood  Pool  Increase  at  Lake 
Ashtabula  (5  feet) 

Tributary  Dam  at  Dead  Colt  Creek 

Wetland  Restoration 

Ring  Levees  at  Farmsteads  and 
Residences  from  Kindred  to  the 
Red  River. 


Little 

None 

No 

Little 

None 

No 

1,214 

5 

Yes 

340 

1 

Yes 

None 

None 

No 

None 

None 

No 
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Fish.  The  only  two  plan  elements  that  could  affect  fishery  resources  are  the 
tributary  dam  on  Dead  Colt  Creek  and  a  raise  of  the  flood  pool  at  Lake  Ashtabula. 
Our  evaluation  indicates  there  would  be  little  Impact  on  the  fishery  from 
either  of  these  plan  elements.  Dead  Colt  Creek  is  an  intermittent  stream, 
thus  there  is  little  usable  fishery  habitat  at  present.  In  fact,  there  is  the 
potential  for  creating  a  viable  fishery  in  the  permanent  pool.  This  would 
provide  positive  fishery  benefits.  At  Lake  Ashtabula,  a  minor  change  in  the 
flood  pool  will  not  appreciably  change  the  fishery  since  the  conservation  pool 
will  remain  the  same.  There  is  the  potential  for  the  raise  to  have  a  minor 
positive  effect  on  the  fishery.  Inundated  vegetation  provides  optimal  spawning 
habitat  for  northern  pike.  However,  this  period  of  Inundation  needs  to  be  for 
at  least  30  days  in  order  to  be  of  some  benefit.  This  allows  time  for  the 
eggs  to  hatch,  absorb  the  yolk  sac  and  then  begin  to  actively  feed  and  respond 
to  changes  in  their  environment  (water  drawdowns).  A  shorter  period  of  inundation 
would  kill  eggs  and  fry. 

There  is  also  the  potential  for  minor  adverse  effects  to  the  fishing  in  Lake 
Ashtabula  from  this  alternative.  During  extended  periods  of  inundation,  wave 
action  can  cause  erosion  of  the  shoreline  and  loss  of  bankline  vegetation. 

The  turbid  conditions  that  result  could  be  detrimental  to  fish  eggs  that  were 
deposited  in  near  shore  areas  in  the  spring.  The  silt  can  smother  both  fish 
eggs  and  fry.  This  would  primarily  affect  walleyes  and  northern  pike. 

A  5-foot  raise  of  the  flood  pool  in  Lake  Ashtabula  will  require  modifications 
of  Baldhill  Dam.  These  modifications  could  also  be  part  of  the  Dam  Safety 
Program.  If  and  when  these  modifications  are  made,  they  will  require  extra 
land  on  the  downstream  side  of  Baldhill  Dam  in  the  vicinity  of  the  Baldhill 
Dam  National  Fish  Hatchery. 

Eleven  of  the  rearing  ponds  at  the  hatchery  and  a  building  would  be  affected 
by  renovation  of  the  dam.  These  ponds  are  important  to  the  overall  fishery 
program  In  North  Dakota.  Walleye  and  northern  pike  are  stocked  in  these  ponds 
and  then  harvested  as  flngerllngs.  Fish  from  this  facility  are  stocked  not 
only  in  Lake  Ashtabula  but  other  North  Dakota  waters  as  well.  The  Service  has 
long-range  commitments  with  not  only  the  State  of  North  Dakota  but  also  other 
federal  agencies  such  as  the  Bureau  of  Indian  Affairs  for  the  fish  that  come 
from  these  ponds.  As  such.  Interruption  of  our  hatchery  program  or  reduced 
availability  of  fish  will  have  far  reaching  impacts. 

Another  impact  of  the  modification  of  Baldhill  Dam  is  the  loss  of  a  hatchery 
building.  This  30  x  60  foot  cement  block  building  is  used  to  house  fish 
holding  tanks,  hatchery  equipment  and  food  used  In  pond  culture.  The  holding 
tanks  and  storage  area  are  essential  In  the  efficient  operation  of  this 
facility. 

Wildlife.  In  the  Selected  Plan,  the  only  two  plan  elements  that  affect 
wildlife  habitat  to  a  major  degree  are  the  tributary  dam  at  Dead  Colt  Creek 
and  a  5-foot  Increase  In  the  flood  pool  of  Lake  Ashtabula.  Since  the  Corps 
would  not  be  Involved  In  the  construction  of  a  tributary  dam  on  Dead  Colt 
Creek  our  Involvement  would  be  very  limited.  If  another  federal  agency  became 
Involved  In  the  Implementation  of  this  element,  a  mitigation  plan  would  be 
developed  under  a  separate  authority. 
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A  5-foot  raise  of  the  flood  pool  at  Lake  Ashtabula  will  have  a  negative 
effect  on  wildlife  habitat.  A  maximum  of  1,214  acres  would  be  periodically 
Inundated.  Refer  to  Table  2  for  the  types  and  amount  of  habitat  affected. 

In  addition,  wave  action  in  the  flood  pool  can  cause  shoreline  erosion  and 
loss  of  vegetation  along  the  shoreline.  Both  factors  are  dependent  on  time  of 
flooding,  duration  and  height  of  the  flood  pool. 

The  most  Important  habitat  type  affected  Is  woodlands,  which  Is  located  at  the 
extreme  upper  end  of  the  reservoir.  These  woodlands  provide  habitat  for  many 
species  of  wildlife.  Deer  use  the  woodlands  In  the  winter  for  food  and 
cover.  The  scarcity  of  cover  In  the  uplands  make  the  wooded  areas  especially 
valuable.  Raptors,  Including  the  great  horned  owl  and  red-tailed  hawk,  nest 
and  hunt  In  the  valley  and  surrounding  farmland.  The  woodlands  also  provide 
habitat  for  songbirds  and  provide  migratory  habitat  for  numerous  passerine 
species. 

OISCUSSION/MITIGATION 

The  three  plan  elements  that  will  require  federal  involvement  through  the 
Corps  of  Engineers  are: 

*  Levee  and  diversion  around  West  Fargo. 

*  Diversion  from  Horace  to  West  Fargo. 

*  A  5-foot  raise  of  the  flood  pool  at  Lake  Ashtabula. 

With  either  of  the  first  two  elements,  there  are  minimal  Impacts  to  fish  and 
wildlife  resources.  Existing  dralnageways  and  cropland  will  be  the  primary 
land  uses  for  project  development,  thus  no  mitigation  Is  required. 

The  raise  of  the  flood  pool  elevations  in  Lake  Ashtabula,  will  cause  adverse 
effects  to  fish  and  wildlife  resources.  The  effects  of  the  raise  and  the 
mitigation  requirements  are  contained  in  the  following  discussion. 

Aquatic  Resources.  Turbidity  caused  by  erosion  will  be  temporarily  created 
around  the  fringe  of  the  reservoir  during  flooding  events.  Since  this  turbidity 
would  partially  result  from  a  5-foot  raise  In  the  level  of  Lake  Ashtabula, 
measures  should  be  Implemented  to  those  parts  of  the  shoreline  that  would  be 
most  susceptible  to  wind  and  wave  action  during  high-water  periods.  Rock 
riprap  could  be  used,  but  vegetative  plantings  may  also  work.  Another  alternative 
would  be  to  Insure  that  the  water  entering  the  lake  Is  as  clean  as  possible, 
thus  It  would  have  a  greater  capacity  to  dilute  the  turbid  waters  already  In 
the  lake.  This  could  be  accomplished  by  creating  a  series  of  marshes  at  the 
head-end  of  Lake  Ashtabula.  The  Incoming  silt  would  have  a  chance  to  settle 
out  in  these  pools  and  some  of  the  nutrients  could  be  removed  by  the  marsh 
vegetation.  farther  details  would  have  to  be  studied  to  determine  the  most 
effective  design  of  these  Impoundments. 
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Greenbelting  the  Upper  Sheyenne  River  could  also  reduce  the  silt  load  by 
allowing  bankllne  vegetation  to  become  stabilized.  Greenbelting  (preventing 
the  Intrusion  of  cattle  or  development  In  the  flood  plain)  can  be  accomplished 
through  a  variety  of  management  practices.  Such  things  as  zoning  or  obtaining 
limited  use  easements  are  more  commonly  used  in  developed  areas.  The  Upper 
Sheyenne  would  be  better  suited  to  fencing  or  a  similar  practice.  If  feedlot 
runoff  and  cattle  access  were  controlled,  slltation  and  nutrient  problems 
would  likely  decrease  downstream. 

Eleven  hatchery  rearing  ponds  and  the  hatchery  building  at  Baldhill  Dam 
National  Fish  Hatchery  would  be  eliminated  by  raising  the  height  of  the  dam 
and/or  bringing  It  up  to  National  Safety  Standards.  During  discussions,  the 
Corps  has  indicated  the  rearing  ponds  and  hatchery  building  would  be  replaced. 
These  would  be  relocated  at  either  Baldhill  Dam  or  the  Valley  City  National 
Fish  Hatchery.  Replacement  of  ponds  must  occur  at  the  same  time  or  prior  to 
conversion  of  the  existing  ponds  to  project  purposes.  This  will  insure  that 
hatchery  commitments  for  fish  are  met.  Further  coordination  with  the  Bismarck 
Area  Office  will  be  required  prior  to  construction  with  regard  to  location 
and  design  criteria. 

The  building  at  Baldhill  Dam  National  Fish  Hatchery  is  essential  for  the 
efficient  operation  of  the  hatchery.  Construction  of  a  new  building  should 
likewise  occur  at  the  same  time  or  prior  to  razing  the  old  one. 

Terrestrial  Resources.  There  are  1,214  acres  of  existing  wildlife  habitat  that 
will  be  affected  in  varying  degrees  by  a  5-foot  raise  in  the  flood  pool  elevation 
of  Lake  Ashtabula  (Table  5).  There  are  two  approaches  to  mitigating  habitat 
losses  associated  with  the  raise  of  the  flood  pool  elevation.  The  first  would 
be  to  mitigate  the  losses  in  the  flood  pool  by  purchasing  wildlife  habitat 
outside  of  the  project  lands.  Based  on  the  HEP  procedures  450  acres  of  existing 
habitat  (woodland,  grassland  and  shrubland)  that  would  be  required  for  mitigation 
outside  of  the  reservoir  boundaries  (potential  areas  suitable  for  mitigation 
have  previously  been  provided  to  the  Corps).  The  450  acres  was  developed  by 
calculating  an  Average  Annual  Loss  in  habitat  units  and  dividing  this  by  the 
wildlife  management  potential  of  the  existing  habitat  (see  EVALUATION  METHODOLOGY, 
page  5).  This  yielded  the  mitigation  requirements  in  acres.  Habitat  replacement 
should  occur  at  the  same  ratio  as  the  losses. 

A  second  approach  is  to  maximize  wildlife  management  on  project  lands,  and 
thereby  reduce  mitigation  requirements  (the  purchase  of  separable  wildlife 
lands)  as  much  as  possible.  Through  the  HEP  process,  the  amount  of  mitigation 
needed  if  an  Intensive  wildlife  management  plan  were  Instituted  on  project 
lands  was  calculated.  Since  a  firm  takeline  and  the  inclusive  acreage  Is  not 
known  at  this  time,  we  assumed  that  all  project  lands  (approximately  1,214 
acres),  to  elevation  1271  msl,  would  be  used  for  wildlife  purposes.  All 
habitat  types  except  hardwoods  can  be  replaced  on  project  lands.  An  additional 
238  acres  of  woodlands  would  either  have  to  be  purchased  outside  of  the  project 
lands  or  approximately  238  acres  of  tree  plantings  could  be  carried  out  on 
project  lands.  There  Is  an  excess  amount  of  tame  grassland  habitat  on  the 
project  lands  that  could  be  used  for  this  purpose.  The  excess  grassland 
acreage  Is  roughly  equivalent  to  the  acreage  needed  for  tree  planting.  Management 
of  the  project  lands  would  require  the  restoration  of  the  habitat  to  a  more 
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optimal  condition  for  wildlife.  If  all  grassland  and  hardwood  losses  are 
replaced  through  management  of  existing  lands,  and  there  Is  grassland  and 
shrubland  habitat  remaining  within  the  project  takeline,  there  may  be  an 
opportunity  for  some  enhancement.  This  assumes  that  a  specific  wildlife 
management  program  would  be  carried  out  on  project  lands.  At  this  time,  no 
formal  management  plan  has  been  developed.  Also,  no  defined  project  boundary 
other  than  the  existing  one  has  been  evaluated. 

Planting  shelterbelts  in  selected  locations  could  be  part  of  a  wildlife  manage¬ 
ment  plan.  This  may  not  be  an  equal  exchange  for  woodlands  lost  because  of  the 
different  tree  species  involved,  but  would  still  provide  many  of  the  woodland 
values  for  wildlife,  such  as  providing  shelter  from  winter  storms. 

Because  the  habitat  is  of  lower  quality  and  small  acreages  are  involved,  this 
type  of  replacement  is  acceptable.  Project  lands  could  be  improved  with 
fencing  and  management.  Even  though  the  project  lands  form  a  fairly  narrow 
band  around  the  reservoir,  they  could  be  valuable  to  wildlife.  Thus,  fencing 
should  be  included  as  a  mitigation  cost. 

RECOMMENDATIONS 

1.  If  fish  rearing  ponds  at  Baldhill  Dam  are  impacted  for  project 
purposes,  replacement  will  occur  at  an  equal  rate  at  either  the 
Baldhill  Dam  or  Valley  City  Hatcheries.  Cost  estimate  for  replacement 
of  11  ponds  is  * 


♦Cost  of  lands  30  acres  @  $775/acre  *  $23,250 

Cost  of  concrete  catch  basins  @  $8,000/basin  *  88,000 
Cost  of  piping  &  related  control  structures  *  88,000 

♦♦Cost  of  asphalt  liners  =  61,100 

Cost  of  earthwork  @  $4, 000/ pond  »  44,000 

Cost  of  engineering  ■  30,000 

Other  contingencies  *  50,000 


Total  $384,350 

♦These  costs  could  be  highly  variable  depending  on  the  relocation 
site. 

♦♦Liners  may  not  be  needed  If  a  suitable  substitute  can  be  found. 

2.  Hatchery  building  at  Baldhill  Dam  to  be  replaced. 

Cost  of  30’  x  50’  building  -  $100,000 
Engineering  ■  20,000 

Cost  of  piping  system  *  30,000 

Other  contingencies  ■  50,000 

Total  $200,000 
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3.  The  Corps  of  Engineers  should  initiate  a  study  to  determine  the 
effectiveness  of  creating  marsh  subimpoundments  on  the  upper  end  of 
Lake  Ashtabula.  These  marshes  would  help  filter  nutrients  and  trap 
sediments  coming  into  the  reservoir. 

4.  The  Corps  of  Engineers,  in  conjunctions  with  the  Soil  Conservation 
Service,  ND  State  Department  of  Health,  ND  Game  and  Fish  Department 
and  U.S.  Fish  and  Wildlife  Service  should  develop  a  plan  to  control 
feedlot  runoff  and  cattle  access  to  the  upper  reaches  of  the  Sheyenne 
River  (greenbelting).  The  responsible  agencies  should  than  implement 
this  plan.  Thus,  siltation  and  nutrient  problems  in  the  reservoir 
would  be  reduced  and  wildlife  habitat  improved. 

5.  A.  The  Corps  of  Engineers  should  purchase  450  acres  of  existing 

wildlife  habitat  of  approximately  the  same  habitat  value  and  at 
the  same  rate  as  that  being  adversely  affected  by  a  5-foot 
raise.  The  costs  would  include  the  land  purchase,  fencing  and 
operation  and  maintenance. 

450  acres  @  $775/acre  a  $350,000 

4  miles  of  fence  @  $3, 500/mile  *  14,000 

Total  $364,000 

Annual  Operation  &  Maintenance/costs  $10/acre/year  *  $  4,500 

OR 

B.  If  suitable  lands  are  available  within  the  project  boundaries, 
the  Corps  of  Engineers  should  manage  these  lands  specifically 
for  wildlife  purposes.  Costs  would  Include  fencing  and  operation 
and  maintenance. 

Land  costs  »  $  0 

Cost  of  tree  planting  238  acres  @  $327/acres  -  78,000 
90  miles  of  fencing  @  $3, 500/mile  ■  315,000 

Total  $393,000 

Operation  and  maintenance  @  $10/acre/year  ■  $  8,000/year 

6.  Project  lands,  when  appropriate,  be  dedicated  to  fish  and  wildlife 
management  purposes  and  administered  under  a  General  Plan  in  accordance 
with  Sections  3  and  4  of  the  Fish  and  Wildlife  Coordination  Act. 
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SUMMARY 

This  comprises  the  Service's  assessment  of  the  Lower  Sheyenne  River  Project. 

We  believe  the  Selected  Plan  has  merit  and  should  be  implemented.  While  there 
are  some  harmful  environmental  effects,  they  tend  to  be  minor  in  nature  and 
compensation  could  be  achieved  as  described  in  the  "Recommendations". 

Any  change  in  project  plans  or  features  could  substantially  alter  the  effects 
of  the  Selected  Plan  on  fish  and  wildlife  resources  and  other  environmental 
values.  If  changes  do  occur  after  the  submission  of  this  Fish  and  Wildlife 
Coordination  Act  Report,  we  will  modify  or  amend  our  report  as  needed. 


///( 
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Mr.  Gil  Key 
Area  Manager 

US  Fish  and  Wildlife  Service 
1500  Capitol  Avenue 
P0  Box  1897 
Bismarck,  ND  58501 


Re:  Lower  Sheyenne  River 
Study  -  North  Dakota 


Dear  Mr.  Key: 

The  North  Dakota  Game  and  Fish  Department  concurs  with  the  findings 
of  the  above  referenced  report. 


Sincerely, 


Dale  L.  Henegar 
Commissioner 


